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NEW “MAGIC GRIP" 
SHEAVE locks to shaft 
in one tightening 
operation. As bush- 
ing is drawn further 
into sheave, both are 
locked to each other 
and to shaft simul- 
taneously. 


TAPERED, 
SPLIT \ 
BUSHING | _ N\_ 


tocKiInc| N 
SCREW 














Slide it on as a complete unit, line it up, and lock it — that’s all there is to it with “Magic Grip” Sheaves! 

* ———«— 
MILWAUKEE, WIS.—Allis-Chalmers announces the new “Magic 
Grip” Sheave . . . designed to save man-hours and money by 
going on or off faster than any other sheave on the market. 
New “Magic Grip” Sheave fits undersize or oversize shafts, 


centers perfectly, runs smoothly. Send for Bulletin B-6310 
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On their unexcelled and dependable performance, New Departure 
ball bearings keep our mechanized forces rolling . .. rolling on 
to victory! 

On fighting craft of every kind, on land and sea and in the air, 
New Departure ball bearings prove their superiority .. . every 
day, every hour, every minute. 

It is New Departure’s privilege to play the lead in wartime produc- 
tion of ball bearings, enlarging an experience already enormous. 
Out of this total experience will come postwar performance of 
New Departure Ball Bearings that will set even higher standards 


of service life. 3220 
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Nothing Rolls Like a Ball 


—— 


NEW DEPARTURE ~- DIVISION OF GENERAL MOTORS ec BRISTOL, CONNECTICUI 
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Atemized Mndex 


Classified for Convenience when Studying Specific Design Problems 


Design Calculations: . Chains, Adv. 22, 24, 58, 74, 259 
Beam deflections, Edit. 124-126 Clutches, Adv. 30, 282, 236, 240 
Controls, electrical, Edit. 140-144, 152, 166, 170; Adv. 56, 
59, 81, 159, 194, 212, 213, OBC 
Coolers, Adv. 218 


Bearings, proportions of, Edit. 134-1386 
Continuous beams, deflection of, Edit. 158-162 


Interpreting physical test data, Edit. 127-133, 208-214 Counters, Adv. 238. 245 
Spring dimensions, data sheet, Edit. 149-151 Ciaegen Adv. 249 
Couplings, Adv. 186, 222 
Design Problems: Drives, Adv. 170 
Designing electronic controls, Edit. 140-144 -—? po Edit. 164, 166, 174; Adv. 53, 75, 79, 


Induction heater, design of, Edit. 137-139, 194 
Mass production, designing for, Edit. 148 

Stub shaft simplifies design, Edit. 113 

Training inventors, Edit. 111, 112, 200 

Utilizing self-contained units, Edit. 116-119, 202, 204 


Electrical accessories, Adv. 50, 70, 200, 250 

Electrical insulation, Adv. 97 

Engines, Adv. 54, 166, 174, 234 

Fabricated parts, Adv. 12, 38, 212, 240, 248 

Fastenings, Edit. 168; Adv. 14, 27, 29, 88, 184, 196, 
208, 217, 280, 234, 247, 251, 258, 260 


Engineering Department: Fittings, Adv. 181, 199 


Design service, Adv. 171, 214, 229, 237, 241 Forgings, Adv. 85, 92, 102, 103, 207, 242 
Equipment, Edit. 176; Adv. 48, 46, 178, 210, 220, 236 Gears, Adv. 28, 60, 95, 140, 230, 232, 244, 250, 256 
Supplies, Edit. 174; Adv. 188, 197 Hose, Adv. 33, 163, 168 
Hydraulic equipment, Adv. 9, 62, 80, 109, 215 
Finishes: Instruments, Adv. 31 
Anodizing, Edit. 170 Joints, Adv. 219 
Paint, Adv. 34, 35 Labels, Adv. 183 
Wrinkle, Adv. 176 eo and lubricating equipment, Edit. 184-136; Adv. 
Materials: Motors, Adv. 1, 23, 41, 47, 48, 49, 52, 65, 66, 73, 77, 
93, 106, 110, 182, 185, 201, 221, 240, 244, 252, IBC 
Aluminum alloys, Adv. 99, 107 Mountings (rubber), Adv. 179 
Bronze, Adv. 235 Plastic moldings, Adv. 94 
Felt, Adv. 72 Plugs, Adv. 177 
Magnesium alloys, Edit. 153-156; Adv. 91, 205 Pneumatic equipment, Adv. 31, 208, 226, 236, 257 
Nickel alloys, Adv. 57, 161 Pulleys, sheaves, Adv. IFC, 36, 193 
Plastics, Edit. 174, 192; Adv. 51, 69, 76, 100, 101, 209, 211 Pumps, Edit. 164; Adv. 162, 178, 180, 224, 234, 238 
Rubber and synthetics, Adv. 67, 98, 239 Seals, packings, Edit. 168; Adv. 82, 83, 165, 172, 189, 192, 
Steel, Adv. 86, 195, 232 224 
Steel alloys, Adv. 8, 13, 25, 173 Shafts, flexible, Adv. 210 
Speed reducers, Adv. 71, 252 
Mechanisms: Springs, Edit. 149-151; Adv. 64, 202, 216, 239 
Stampings, Adv. 190, 256 ‘ 
Shutter, Edit. 188 Transmissions, Edit. 152, 172; Adv. 6, 10, 11, 44, 45, 202 
Testing equipment, Adv. 39 
Parts: Tubing, Adv. 40, 160, 204, 223 
Balls, Adv. 254 Valves, Edit. 164; Adv. 105, 246 
Bearings, Adv. 4, 15, 19, 20, 61, 78, 84, 87, 90, 157, Welded parts and equipment, Edit. 192; Adv. 16, 17, 
167, 169, 175, 187, 198, 233, BC 18, 230, 231 
Bellows, Edit. 114 Wheels, casters, Edit. 184 
Belts, Adv. 32 " 
Brakes, Adv. 246 « Production: 
Brazed parts, Edit. 120-123, 198, 200; Adv. 26 Grinding, Adv. 63, 89 
Brushes, Adv. 258 Hardening, Edit. 115, 137-139, 194; Adv. 42 
Carbon parts, Adv. 191, 244 Spraying equipment, Adv. 55 
Cast parts, Edit. 152; Adv. 37, 68, 96 Tools, Adv. 249, 254 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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5 VARIABLE SPEED DRIVE 
TURAL UAC LITT ~— has these IMPORTANT ADVANTAGE 


“a. UNLIMITED SPEED RANGE 


i in infinite steps from maximum to zero. The Graham 
gives a working range to the Gorton of 72 tol, 
—from 20 to 1440 pieces per hour. 


HIGH SPEED HOLDING 


— a vital necessity for the highly precise automatic 
manufacture of small parts — accomplished in the 
new Gorton. 








ALL METAL Construction 


Compactness — simplified lubrication. 


These same features have led to the adoption of the 
Graham for a great variety of other machines 
quiring a superior wide-range drive at moderate co 





bom a mel 


THE GRAHAM DRIVE IS HOUSED Write for Bulletin number 506 


GRAHAM TRANSMISSIONS, INC., 2706 N. Teutonia Ave., Milwaukee, Wisconsl 












“An Inventor Can Fail A Thousand Times .... 


. . . but if he succeeds once, he is ‘in’.”—So said “Boss” Kettering in his inspirational 
talk delivered at the recent A.S.M.E. annual meeting in New York. In the develop- 
ment of new inventions, just where does “book larnin’ ” leave off and inherent ingenuity 
begin? Should inventors consult reference books before or after conceiving the ap- 
proach to a problem? This talk is down-to-earth—emphasizes a working procedure 
for development of new ideas based on Dr. Kettering’s many years of experience in the 
research field. Page 111. 


Heart Of Ingenious Radar Equipment... . 


. electronic tubes are playing a vital role in Uncle Sam’s big show—winning the 
war. Intricate gun-firing controls owe their amazing accuraty in many cases to these 
almost infinitely fast and inertialess tubes. When incorporated in properly designed 


) 
circuits, they can supplement mechanical control to achieve results hitherto considered 
impracticable. W. D. Cockrell’s authoritative article discusses the operating principles 


of such tubes, functioning of circuits and practical electronic applications. Page 140. 


| 


J 
Be, 
V EF Redesigning For Built-Up Brazed Construction ... . 


. often is responsible for considerable savings in the fabrication of mass-produced 

4 4) machine parts. A case in point—production of small overrunning clutch parts at the 

den rate of 8,000 per day—saw a saving of five cents per item by the simple expedient of 

redesigning from one-piece solid to two-piece brazed construction. In his interesting 

5f article “How to Utilize Brazing in Design”, Colin Carmichael evaluates the variety of 

J heating processes generally employed and discusses significant factors which influence 
the design of brazed assemblies. Page 120. 


ham 
0 |, 
Designing For Straight-Line Production ... . 

. . . was, in prewar days, largely confined to the automotive field. More recently, 
6 however—lashed by the unrelenting demands of an all-out war program—other indus- 
tries have adopted this speedy manufacturing method. But, topping even the straight- 
afc line principle is a new machine—utilizing a rectangular path—the design of which is 
the discussed in an article commencing on Page 116. 
iN Increased 70 Times Since 1939 .... 
. . and 35 times since Pearl Harbor, today’s output of magnesium in this country 

totals 300,000 tons per year. Fifteen plants are now in production supplying this 
| lightest of metals to the arsenals of democracy. Thus, this month’s Materials Work 
the Sheet takes on particular significance. Presenting—in brief form—all of the materials 
© data machine designers normally require on the job, this sheet deals with wrought 
ost forms of magnesium covered by A.S.T.M. specifications. Page 153. 
ly 
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Coul 
os ‘Thermal Expans! 


CARPENTER INVAR “36” has an expansion rate of about one- 
tenth that of carbon steel, up to about 400° F. This 36% nickel alloy, 
melted within a carefully determined range, has two principal uses: 


Maintaining accuracy by minimizing changes Causing movement in temperature control appl 
in size of parts due to temperature variation a cations, such as thermostats, where a low expa 
—such as in switch contacts, condenser parts, sion alloy is used in conjunction with a high expansig 
instrument parts, etc. alloy. A rod and tube assembly may be used, or desig 


3.5 ge may require a yoke of high expansion combined wit 
an internal spring of low expansion; or bimetal m 


be used. 
3.0 


Carpenter Invar “36” is in every respect a true Invar, with 


~ 
& 


a typical expansion curve like that shown in the accom- 
panying graph. In strip form Carpenter Invar “36” permits 
easy blanking and forming. Where machining is necessary 
in the production of Invar parts, the newly-developed 
Carpenter Free-Cut Invar “36” greatly facilitates production. 


tq 
°o 


Take advantage of Carpenter’s experience in the production 


thousandths of an inch per inch of length 


and application of these Invar alloys. Your nearby Carpenter 






c 
505} representative can give you a copy of our latest engineering 
” 
5 bulletin covering their properties and uses, and will keep 
x : : , 
i if you in close touch with our Metallurgical Department. 
0 100° 200730000" —(500" . 
Comparison of Expansion Between Carbon Steel and For help with your specific problems, call on him today. 


Carpenter Invar*36’or Carpenter Free-Cut Invar*36” 





Average Coefficients of Expansion FORMS AVAILABLE 
of Carpenter Invar' 36” 

















arts Carpenter Invar “36” and Free-Cut Invar “36” are supplied 

75° to 200° F. .0000006 in the forms of cold drawn wire, hot rolled, cold drawn 

75° to 300° F. .0000009 and ground bars and rods. Carpenter Invar “36” is also 

. supplied in the forms of cold rolled strip and welded 
75° to 400° F. 

= .00000 15 tubing. Hard rolled strip is made to mezt special needs. 








= —_ 
gl — — ead 


¢€ The Carpenter Stee! Company, 120 W. Bern Street, Reading, Pa | 
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No need to make boxcar doors heavy to make 
them strong. Aluminum will provide the light- 
ness necessary for easy opening and closing, 
the rigidity and strength required for protec- 
tion and permanence. Look at the many 
places in wartime airplanes where Alcoa 
Aluminum Alloys are doing exactly that 
kind of job. 

In these days of shortages of many ma- 
terials, it’s quite possible that Aluminum 
can be obtained for doors for the new boxcars 
scheduled to be built. No extra man-hours 
will be needed to fabricate aluminum doors, 
and think of the man power and disposi- 


ALUMINUM 
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tions saved when these cars get into service. 

Imagineers who are seeking ways of im- 
proving rolling stock to be built for wartime 
service, and for postwar use, may well exam- 
ine the advantages gained by employing Alcoa 
Aluminum Alloys. Weight-saving usually 
means labor-saving. And, because aluminum 
is highly resistant to corrosive attack, equip- 
ment is less likely to be injured by unavoid- 
able neglect. 

Alcoa engineers offer their assistance to 
men who are doing this kind of thinking. 
ALUMINUM ComPANY oF America, 1940 Gulf 
Building, Pittsburgh, Pennsylvania. 


| Muminum will make that a one-man door 
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LIMINATION of the plating operation and sub- 
stitution of one coat of cement for the two for- 
merly used for ignition wire sleeves on aircraft engines 
saves a relatively large quantity of brass as well as 
considerable production time. The sleeves are essential 


.for the elimination of corona or dissipation of the 


electrical charge before it reaches the spark plugs. 


Midget microphone, worn on the upper lip, eli- 
minates outside noises and leaves hands free. Adopted 
by the Army Ground Forces, the lip mike fits easily 
under gas masks and dust respirators, giving clear re- 
production with little distortion. 


On a test flight the Martin Mars, the world’s largest 
flying boat, flew 4600 miles—equivalent to a nonstop 
trip from Baltimore to Berlin and back to London— 
and still had enough gas left in the tank for several 
more hours flying. The flight bettered the international 
closed circuit distance record by approximately 50 
per cent. 


High chemical resistance and other properties make 
Saran especially fitted for use as a mask to prevent 
chrome from plating certain parts of aircraft landing 
gear during the plating processes. 


Standards which were good enough for testing nat- 
ural rubber are not good enough for synthetics. To 
provide for such uniformity that products may be used 
interchangeably, the National Bureau of Standards is 
cooperating with the Rubber Reserve Co. in its efforts 
to develop uniformly high quality from the eleven 
synthetic plants. 


Heavy, long-range bombers will be powered with 
Wright cyclone engines of 2,200 horsepower, among 
the most powerful service aircraft engines in the world. 


108 





The engine, built in two banks of nine cylin- 
ders, has a displacement of 3350 cubic inches 
and a diameter of only 55 inches. Engine 
weight is slightly over one pound per horse- 
power, special design features allowing for 
increased output. Nose section permits close- 
fitting cowl, cylinder heads are alloy alumi- 
num, cylinder barrels use nitralloy steel, crank- 
case is steel and nose section and supercharger 
are magnesium. 


Photomicrographs of sintered powder metal 
parts at magnifications ranging up to 20,000 
diameters reveal that particle boundaries under 
proper sintering conditions are completely ob- 
literated, producing a continous metallic struc- 
ture. Investigation is being carried on by Hardy Met- 
allurgical Co. in cooperation with RCA laboratories. 


Lighting by wireless transmission, although probably 
many years in the future, will open new possibilities 
in design. Remote or critically limited locations where 
conventional connections of electrical wires would 
create restrictions, could be adequately and conven- 
iently lighted. On an experimental scale, lighting can 
be provided through high-frequency radio energy, en- 
visioning the possibilities of future developments. 


Obviating laborious hand wrapping and grease coat- 
ing of ordnance parts to protect against corrosion, the 
Dow Chemical Co. has developed a skin-tight coating 
that is applied by dipping. The plastic “skin” is easily 
removed by stripping with a knife, leaving a clean 
surface with no grease or foreign substance on the part. 


Doubling of life of one-inch steel slugs or balls 
used by cement makers as grinding media is said to 
be obtained by induction hardening. An estimated 
saving of 7500 tons of steel a year is possible. 


Production of electrical indicating and measuring 
instruments used in mechanized warfare has soared 
4000 per cent since 1940. WPB estimates call for 4 
further increase of 40 per cent in 1944, totalling 
39,000,000 units. Indicative of the importance of it- 
struments in war a battleship uses as many as 1000, 
a large bomber 250 and a submarine 150. 


New celestial navigation instrument—combining 4 
sextant for use during the day and a quick means of 
determining true north, sun time, latitude, great circle 
course and direction—has recently been designed & 
pecially for use in life rafts. Invented by F. H. Hagnet 
of San Antonio, the instrument reproduces the move 
ments of all the celestial bodies used in navigation. 
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ACHINE DESIGN 


KETTERING High-Spots the Training 


of Inventors 


THINK it was the Brookings institution that made a 

survey some years ago and pointed out the fact that 

if you had an education in engineering or science your 
chances of making an invention would only be half as 
great as if you did not have it. Well, that worried me 
a bit and I tried to find out why it was, and I think out 
of it I got a definition of what an inventor is: An in- 
ventor is a guy who doesn’t take his education too seri- 
ously. 

As our educational institutions are set up a youngster, 
from the time he is six years old until he graduates from 
school, has to take three or four examinations a year. 
If he flunks once, he is out, whereas an inventor can 
fail a thousand times and if he succeeds once, he is in. 
So the two methods of approach are entirely different. 

The thing to do is to teach the educated boy how to 
fail intelligently, because if we don’t he will come in 
some day with a book in his hand and say, “There is 
no use to try this out because here it says on page 284 
that it can’t be done.” 

“Well,” we say, “what did you read the book for? 
That is no way to solve a problem—reading a book— 
because any time that you don’t want to do a thing I 
ean get you a book that will tell you that it can’t be 
done.” 

Seriously, in training an inventor, how close do you 
want him to work with the library? Of course, there is 
a good argument as to whether you ought to go and see 
what has been done on the subject before going ahead, 
or whether you should start out and pursue your own 
thoughts and then find out what has been done. 

I believe that what you should do is set up your 


—_—_—— 


s From a talk delivered at the recent annual meeting of the American 
ciety of Mechanical Engineers in New York. 
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problem. Think it out. Say, “Here is the way I think 
it ought to be done”, and then go and see what has 
been done on it. So the first thing is to analyze the prob- 
lem and decide whether the thing is worth doing. Then 
if it is worth doing, what is probably the first experiment 
that should be tried? 

Well, let’s try this one. Don’t worry about what is 
going to happen, because if you did know you wouldn’t 
need to try the experiment. So you make the experiment 
and then come to a certain conclusion based on it. If you 
doubt it too much, you try it over again. In fact, you 
ought to try it over ten times, because the first time 
it is probably no good. 

If it doesn’t work, you have to find .owt whether it is 
because the experiment was wrong or because it was 


not done well. So you have to try it over and ‘counter-. . 
After you have failed or after 


check and check again. 
a continuity has been established, then you’ analyze it 
and try the next step.. You: décide on what the second 
experiment is going to be and you go through with that, 
always recognizing the importance of the technique of 
trying the experiment. 

And a lot of people do not want to do that, It is 
pretty tedious work. The only reason, I think, that our 
laboratory has ever done anything is that none of us 
knows enough to get irked by the tediousness of experi- 
mentation. 

Therefore, the next thing that we teach these young 
fellows is that tediousness is a thing that they must learn 
to endure and like, and not resent because they have 
an education. 


Getting an Idea Through the Human Skull 


Now, you don’t solve these problems and you don’t 
make these inventions in a laboratory. You make them 
in your head. That is where every bit of this work is 
done. How thick and how dense the skulls of human 
beings are is best represented by the amount of tech- 
nological apparatus we have to have in a place like ours 
for just getting an idea through a quarter-inch of skull 
bone. That is all that apparatus is for—not to solve 
the problem but to change a mental attitude, and that 
is a very difficult thing to do. 

I am a great believer in experimentation because of 
the fact that in our class of work, we have never been 
able to calculate anything. We can calculate a very rough 
first approximation. If you have a factor of safety of ten, 
you can do a good job of calculation, because a factor 
of safety of ten says that you aren’t betting your cal- 
culations are more than ten per cent right; so the bigger 
the factor of safety, the more leeway you can have in 
your calculations. 

It was for this reason that some ten or fifteen years 
ago we started a new system of studying strength of 
materials which had to do only with testing the final piece 
under the conditions in which it had to operate. In other 
words, if we are developing a crankshaft for an engine, 
we make the crankshaft and build a testing machine that 
will stress that crankshaft as it is in the engine, because 
if we put it in the engine and it breaks, the debris is 
such that we can’t be sure of what happened. 

Then, after we set this up in a testing machine, we 
put on anticipators, or some device that stops the machine 
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the minute an incipient crack starts in the shaft. Then 
we can find out where it started and why. 

By this means we have been able to raise the fatigue 
life of parts as much as five hundred per cent, by do- 
ing nothing more than change the fillets and make slight 
shifts of temperatures in heat treatment. 

Another thing that we have to do with boys whom § 
we try to train as inventors is to teach them that being 
a good technologist does not necessarily make a man a 
good diplomat. Most engineers are poor on diplomacy, 
and think that if they can write a report and use a lot 
of log curves and words which the management doesn’t 
understand, that establishes their position. 

It is important also to get your inventor not only to 
understand the technical problem but to recognize that 
because he knows a few formulas about it, or has seen 
some circuit or some mechanism of this kind, he doesn’t 
necessarily understand it. yf 

We don’t, for instance, know the first principles of what 
happens when you slide two things on each other. I would 
like to know. I think maybe the problems that I am 
interested in are low-grade problems that are too low for 
high-grade people to work at, but that is where we have 
to work, anyway. Therefore, we try to teach young fel- 
lows that it is no disgrace even to work on a thing like 
trying to find out what friction is. 


Which of Us Is Crazy? 


Whenever you look at a piece of work and you think 
the fellow was crazy, look out, because he either is of 
he isn’t. But one of you is likely to be, and you had 
better find out which one it is. It makes an awful lot 
of difference. 

Which brings up the question of training the fellow 
not to have too much of an opinion or set too much val 
on his own opiniop, because his opinion and the thing§ 
that he does are not evaluated by himself at all. Thesé 
things are facts or are not facts—regardless entirely df 
what people think they are—according to whether they 
conform to certain factors in engineering. And so, it 8 
hard to get people to look at a thing and take off the 
personal concept that: “It must be good or I wouldnt 
have thought of it.” 

fell, if you could get out of the young man’s mind 
the idea that because he thought of a thing has very little 
to do with it and that regardless of what the thing & 
it is an entity independent of what he thinks, then you 
can go ahead without the danger of temperament gettif 
into engineering. 


> 


Question Everything! 


We try to teach our boys in the laboratory and e q 
other place that the questioning of things is very b 
portant. We have done a lot of questioning on vari a 
things, and we get certain rules and regulations which , 
write down and accept as being fundamental dicta. 
tried one two or three years ago that was very, V® 
interesting. 

We took a flat piece of spring steel, about three inci 
wide and two feet long, and laid a flexing machine 00 
whereby we could bend it. We found that the stanaal 

(Concluded on Page 200) 
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TUB-SHAFT 


construction 
for double-arma- 
ture motor shown 
at left obviates 
the conventional 
through shaft. For 
this particular motor a forging so large would be required that 
it would be difficult, if at all possible, to obtain under present 
wartime conditions. Unique in design as indicated in the draw- 
ing below the two steel armature spiders are bolted together 
with the stub shafts bolted to each hollow spider to support the 
whole assembly in two bearings. 

Having a rating of 7000 horsepower, this General Electric mo- 
tor develops the largest torque ever provided in a motor—4,100,- 
000 foot-pounds momentarily or 1,470,000 continuously. It weighs 
approximately 1,000,000 pounds and has an overall length of 44 
feet: The two bearings have journals 34!/2 inches in diameter. 
Such large journals and low speeds of 25 revolutions per minute 
make oil ring lubrication impractical. Hence, flooded lubrication 
is used. Armature spiders are cast steel having an inside diam- 
eter of 64 inches. The flanges are kept in line by a circular steel 
centering plate. Torque is transmitted partly through steel radial 
keys and partly through the clamping effect of the bolts. 

If built with a conventional through shaft, the shaft diameter 
would be approximately 60 inches to give proper stiffness. In- 
stead the construction shown approximates the stiffness of a 72- 
inch solid forged shaft. Another advantage of this type of con- 

struction involves simpli- 
fied erection. It is easier 





~~ 


to bolt together the two 
armatures and the two 
short stub shafts than to 
press two armatures on a 
single shaft. 








——— Length 44'— 


Opposed metallic 
bellows, connected 
through a linkage to 
switch arm provide an air- 
pressure sensitive switch 
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for automatic control of 





an aircraft's flap system. Designed by Kenyon Instrument 
Co., the volume of air required to operate the switch, shown 7 


a SZ 
at right, has been reduced to a minimum by utilizing plugs 7 Ne) aN 
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form one end of the bellows for mounting purposes and 
provide an internal limit stop for the opposite end of the 
bellows in the compressed position. The switch is designed 
to have snap action and to operate satisfactorily under all 
conditions of aircraft vibration. Operated through a T-con- 
nector in the pilot-static lines between the air-speed switch 
and the pilot-static head, pressure range is readily regulated 
by simple adjustment of the contact points between which Yk cones 
the switch arm is hung. . c =) | OD b) 
<4 - ee 
S@ |} | Gee 


to fill the center chamber of each bellows. These plugs also MSs KR 


Switch arm 








Designed for women workers especially, the skin 
fastener at right is operable with eight pounds pressure 
exerted on levers held between thumb and forefinger. Air 
craft skin assembly for either flush or countersunk rivets is made 
possible through action of a hot-drawn, oil-tempered torsion 
spring, effecting a direct pull of 35 pounds at the point of contact 
with the skin. 


Special machine for accurately drilling holes on a pan- 
shaped part for a military device utilizes two standard drill-press 
heads mounted horizontally on a tubular way as shown below. 
Drilling on this 14-gage steel is accurate to within .002-inch, re- 
duces handling considerably over previous method of piercing 
the holes and obviates rejects to the extent of 60 per cent. 
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Localized heat treatment «©: an oranance 
part is provided by specially designed induction 
heating coil shown below. Heat is concentrated 
in area to be hardened by a modified helical coil 
so that maximum heat is applied to the restricted 
area. Designed by Ajax Electrothermic Corp., 
the inductor unit is water cooled and utilizes a 35- 
second heating cycle at a frequency of 35,000 
cycles per second. Power source is a 6-kilowatt 
spark-gap converter. 
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Blasting has proved a 
practical method of reclaim- 
ing partially machined parts 
in which broken tools have 
become lodged. Although 
highly unconventional, the 
method, developed by the 
Ohio Crankshaft Co., has 
been used to advantage on 
many crankshafts in which 
drills or taps have broken in 
oil holes in the shafts. 

Skillful use of the high ex- 
plosive never requires more 
than a thimblefull of dy- 
namite. Shown at left is a 
crankshaft in which prepara- 
tions are being made to blast 
a broken drill from an oil 
hole. A small amount of dy- 
namite is fed into the hole 
and a six-inch fuse in a 
shoulder-free cap is dropped 
into the hole atop the charge. Drills are freed by the 
pressure of the blast which follows the flutes of the 
broken drill to the bottom of the hole and then reverses 
itself to drive the piece back out. If the broken drill 
should be flush with the surface, a putty dam 1!/ 
inches thick is built above the hole. The Hlast either 
drives out the drill or enough of it to follow with an- 
other charge in the hole. Core drills, 1!4-inch in diam- 
eter have also been removed by blasting. For their 
removal, the dynamite is placed in the oil holes of the 
drills and blasted out piece by piece. 

In the thousands of precision parts subjected to this 
method of removal there has been no evidence of harm. 
After blasting, however, each piece is closely in- 
spected and magnafluxed before returning to the line. 


























In Design 


Embodying Self-Contained Units 





By Richard K. Lotz 








advantage, integral self-contained units 

with correlated remote controls. In 
this article, principles embodied in such equip- 
ment are emphasized through discussion of the 
design features of a specific machine. It is be- 
lieved that these principles, or an adaptation of 
them, may well be considered in the develop- 
ment of other kinds of machinery. 

Designed and manufactured by The Foote- 
Burt Company of Cleveland, the machine dealt 
with in this article automatically performs 16 
separate machining operations on aluminum cyl- 
inder-head castings for aircraft engines. 


M ANY machines utilize, to considerable 


Employs Rectangular Path 


As will be seen in Fig. 1, the machine com- 
prises a bed and ways set in the shape of a rec- 
tangle with the parts to be machined clamped in 
fixtures which are moved intermittently along 
the ways, stopping at the spindle stations where 
the various machining operations are performed. 
Each spindle unit is individually motorized, be- 
ing interconnected and synchronized electrically. 
The fixtures are pushed from station to station 
around the rectangle by means of hydraulically 
powered and electrically controlled transfer bars. 

In analyzing the design of this machine, it is 
interesting to note the significant manner in 
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Fig. 1—Above—General view of machine, showing all fixtures in 
place at the operating stations. ‘“Trouble-shooting’ cabinet is 
located at extreme left 


Fig. 2—Below—Fixture in position at one of the stations. Transfer 
bar is located immediately below fixture 
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which it digresses from conventional procedure. 
For one thing, it is a departure from other types 
of multiple-station production machines which 
have operational stations disposed at intervals 
along a straight line. It will readily be seen 
that had such a procedure been employed in 
this case, the machine would be more than twice 
as long as it is, would demand more complicated 
mechanisms, and would not lend itself to the 
efficient type of centralized control utilized. 

Another commendable feature is the manner 
in which the parts to be machined are handled. 
They are clamped in a fixture (see Fig. 2) and 
the fixture and part, as a unit, are transferred 
from station to station. This is in contrast to 
procedure prevalently employed, in which parts 
are merely clamped or bolted to a traversing 
plate or turntable. Each of the fixtures employs 
four hardened bushings for guiding the cutter 
spindles at the various operational stations. 

The “all-out” manner in which self-contained, 
remotely controlled units are employed in this 
machine is noteworthy. Without exception, every 
mechanical movement for handling the parts is 
imparted by a separate hydraulic cylinder, the 

Fig. 3—Above-—Bottom view of a fixture, showing slots with which four-way valve of which is actuated by a solenoid. 
transfer bar pins engage, and two locator-pin bushings Basically, the sequence of electrical com- 
ponents for controlling the hydraulic cylinder 

valves is as follows: At the completion of a 





Fig. 4—Below—Schematic diagram of typical interlocking electric 
circuit with sequence of operations listed at left 
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Fig. 5—Above—Fixtures clamped at operating stations along right- 
hand side of machine 


Fig. 6—Below—Main control panel with covers removed showing 
the large number of relays employed 





mechanical movement a limit switch is tripped. 
This completes the circuit to one or more relays 
which serve to open or close designated circuits 
to one or more valve-actuating solenoids. The 
heart of the electrical portion of this machine, 
however, is the intricate interlocking system 
which will be discussed in some detail later. 

Since the method for automatically trans- 
ferring the loaded fixtures from station to station 
is the same for all four sides of the rectangle, a 
discussion of the mechanism for any one side 
will also apply to the other three. 

Referring to Fig. 1, the foreground end of the 
machine is employed for loading and unloading 
the fixtures. Assuming a fixture has been loaded 
with its cylinder head and is ready to start its 
circuit of the machine, it is first transferred to 
the left-hand corner where it is ready to be 
moved along the left-hand side ways of the ma- 
chine to the first machining station. A long 
steel bar (transfer bar), located midway be- 
tween and slightly below the surface of the hard- 
ened steel fixture-guiding ways, moves forward 
under the fixture and, upon turning axially 
through 90 degrees, a steel pin projecting from 
its surface engages a slot in the underside of the 
fixture base, effectively locking together the fix- 
ture and transfer bar. The transfer bar then 
slides to its extreme position in the other direc- 
tion, carrying the loaded fixture along with it to 
the first machining station. 

Before the transfer bar can be turned to bring 
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its pin out of engagement with the fixture slot, 
it is important that the fixture be accurately lo- 
cated on its ways in reference to the machining- 
unit spindles. To accomplish this, two steel lo- 
cating pins emerge vertically from their bearing 
holes in the ways to engage with hardened steel 
bushings in the bearing surface portion of the 
fixture base (see Fig. 3). After the locating pins 
are fully engaged with the bushings of the fix- 
ture, the vertical clamp bars are hydraulically 
brought into action, effectively holding the fix- 
ture in position on the ways for the machining 
operation to be performed at that particular 
station. 

As soon as the fixture has been firmly clamped, 
the transfer bar turns axially through 90 degrees 
in such direction as to disengage its pin with the 
slot in the base of the fixture and moves length- 
wise to its neutral position. 

All of the mechanical motions referred to are 
effected by hydraulic power, electrically con- 
trolled. For example, the back and forth length- 
wise movement of the transfer bar is imparted by a hy- 
draulic piston, the end of which is fastened to the trans- 
fer bar through a short steel arm. To turn the transfer 
bar axially through 90 degrees when it is in position for 
its pin to engage with the slot in the under side of a fix- 
ture, a hydraulic piston again supplies the motivating 
force. This time, however, since the operational stations 
of the machine are 50 inches apart, a mechanism is re- 
quired which will permit the bar to be turned at either 
end of its lengthwise stroke. 

To accomplish this, an arm is rigidly fastened to the 
transfer bar and the end of the arm is slotted. This slot 
is a free running fit on a long square bar, each end of 
which is fixed to the end of a lever. By pivoting these 
levers, the square bar, working through the slot of the 
transfer bar arm, transmits rotation from the square bar 
levers to the transfer bar. The end opposite the square 
bar on one of the levers is linked to a hydraulic piston. 
Thus, when the piston moves back and forth, it imparts 
rotative motion to the square bar levers. 


Laying Out Electrical Circuits 


In laying out the electrical circuits for this machine, 
considerable ingenuity was required to insure proper 
sequence of the many motions and machining operations 
involved. It would not do, for example, to have the ma- 
chine attempt transfer of loaded fixtures while machining 
operations were taking place, or for the transfer bar along 
the front end of the machine to advance into the left- 
hand corner while the transfer bar along the left side was 
also moving into that same corner. 

Consequently a system of contacts and relays was de- 
veloped by means of which the machine either performs 
in conformance with a prescribed sequence or shuts down 
until the sequence is once more established. The series 
of correlated electric circuits employed appear, when 
viewed in their entirety, to be exceedingly complicated. 
However, when broken down into individual circuits, the 
picture presented becomes less complex and, since the 
same underlying principles are used in all of the unit cir- 
cuits, an analysis of one circuit will serve to explain the 
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Fig. 7—Panel of “trouble-shooting’’ pushbutton cabinet showing 
groups of lights used to spot faulty units in machine immediately 


functioning of all. Such circuits, when added together, 
constitute the entire electrical control equipment. 

A typical component circuit is that controlling the func- 
tioning of the transfer bar which operates along the left- 
hand side portion of the machine. This circuit is shown 
schematically in Fig. 4. All of the contacts, identified by 
the letter CR in the diagram, are relay contacts. Those 
illustrated by double lines with the added cross line 
drawn at an angle are contacts normally closed, while 
those without the cross line are normally open. Latch- 
type contactors are shown as parallel rectangular boxes. 
Wherever T2 appears on the diagram it indicates the 
transfer bar. Pushbuttons shown are used for manual op- 
eration of the machine and will not enter into the follow- 
ing discussion, which deals with automatic operation only. 


Tracing a Typical Circuit 


To trace through a typical sequence of operations, a 
logical place to start is at the instant when the machining 
heads have been propelled back completely away from 
the work. Sequence of operations follows the order indi- 
cated by the numbers in the circles identified as relays, 
while the operations themselves are listed at the left. 

With the machining heads completely back out of the 
way, the locating pins must be moved out of engagement 
with the fixtures. Tracing from the right-hand side of 
the diagram at “B”, the current first passes through a 
cycle relay (CRC) and thence to the series-connected 
machining head relay contacts. Since the machining 
heads are all back, these contacts will be closed, per- 
mitting the current to pass along to the normally closed 
contact (CRTF2). “Fingers up” at this point in the dia- 
gram indicates that the pins on the transfer bar are in 
their engaged position with the fixtures. The current 
now passes along two branches, one branch (drawn ver- 
tical on the diagram) leading through a cycle relay to a 
relay contact which will be closed only when the transfer 
bar is in the advanced position. This contact, however, 
will be open because the transfer bar at this point is in 
its “returned position”. Thus the current will pass through 


(Continued on Page 202) 
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Fig. 8—Incandescent carbon brazing employs water-cooled tongs and 
pushbutton control of current under the operator’s thumb 


PECIFICATION of the proper heating method is an important factor 
in securing strong and economical brazed joints. The method to be 
used also influences the detail design of the parts, hence should be 

taken into account at an early stage of the development. Although practi- 
cally any device that will raise the temperature of the joined surfaces suf- 
ficiently can be used, there are limitations and advantages to each of the 
available methods which narrow the choice in any particular case. 

Requirements of the heating system may be briefly outlined as fol- 

lows: Temperature of both members must be raised above the melting 
point of the filler but below the melting point or softening point of the 
parent metal; flame or atmosphere to which joint is exposed should be re- 
ducing or provision should be made to prevent oxidation; and parts must 
be held together firmly in the proper relative position until the alloy has 
solidified. 

Available processes, as classified by the American Welding society, 

include: 


1. Gas brazing 
2. Dip brazing 

a. Metal bath _b. Chemical bath 
8. Electrical brazing 

a. Arc __b. Induction 
4. Furnace brazing. 


c. Resistance 
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Part Il—Brazing Processes 


By Colin Carmichael 
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Fig. 9—Shows how preplaced brazing 
alloy in the form of wire provides just 
the right amount of material needed 


Of these possible methods, the last three, 
namely induction, resistance (Fig. 8) 
and furnace brazing have come particu- 
larly to the fore in recent years, al- 
though certain of the other processes 
still enjoy considerable popularity in 
particular fields. 

Gas brazing with a torch using oxy- 
gen and acetylene or other suitable fuel 
gas continues to be the most convenient 
and universally applicable. heating meth- 
od, especially in the hands of a skilled 
operator. Control of the heating so as 
to bring the joint surfaces of both parts 
simultaneously to the brazing tempera- 
ture is effected by judicious application 
of the flame away from the joint. Thus 
the flame is not allowed to impinge di- 
rectly on the alloy and the alloy is melted 


MacHINE DesicN—January, 1944 





> —_ 2a <2 be 2 Gee GO Gr oe 








es 





ring 
just 
ded 


Ta- 








tilize Brazing in 


by the heat of the parts. A neutral or reducing flame is 
generally used, to avoid oxidation. 

Initial cleanliness is of paramount importance, while 
the use of a suitable flux aids in protecting the metal 
from oxidation, in dissolving any oxides which may form 
and in promoting free flow of the molten alloy into the 
joint. Multiple-flame torches specially designed for par- 
ticular jobs speed production of joints and when used 
in conjunction with holding fixtures enable brazing opera- 
tions to be successfully performed by semi-skilled work- 
ers. Because of the high rate of heat loss from parts 
brazed in the open, torch brazing is seldom used with 
copper as filler because of the high temperature needed. 

Fluxing materials are available in the form of dry 
powder or paste, and are chosen according to the filler 
metal and parent metal used. For long the standard 
material was borax, either in crystalline form or in the 
amorphous or fused form. Because the crystalline borax 
contains water of crystallization the application of heat 
causes it to puff up and roll around, furnishing little pro- 
tection. The fused borax avoids this condition. Owing 
to its high melting point (1400 degrees Fahr.) borax is 
suitable only for use with high melting-point alloys. Also, 
it does not dissolve certain oxides such as those of chro- 


SILVER ALLOY 
WASHER 







Fig. 10O—Preplaced brazing alloy in the form of a washer 
insures adequate supply of material for a large flat surface 


mium, molybdenum, silicon, tungsten, etc., hence is not 
effective on materials containing these elements. 

Most fluxes are mixtures of low melting-point materials 
with active solvent action on refractory oxides. Because 
dry powders tend to be blown away by the torch before 
they melt, and will not stick to vertical or overhead sur- 
faces, fluxes in the form of paste often are preferred. 
Suitable fluxes are furnished by the producers of brazing 
alloys. It should be emphasized that, although the flux 
aids in the production of clean joints, it is not a cleaner 
and its use in no way absolves the operator from strict 
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Design 


adherence to high standards of cleanliness. When a flux 
is used it usually is desirable to clean the parts after braz- 
ing, as the residual flux may be hygroscopic, becoming 
damp and sticky and possibly starting corrosion. Com- 
mon fluxes are water-soluble and are easily removed by . 
hot water or steam. 

Many of the recent developments in brazing techniques 
have centered around quantity production of parts as- 
sembled from stampings, forgings and screw machine 
products. In the remaining discussion emphasis will 
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Fig. 1l—Above—Set-up for induction brazing of two parts 
for a 75-millimeter smoke shell confines heating to a 
comparatively narrow zone 


Fig. 12—Below—Brazing cycle for the piston plug cap 
assembly shown in center is approximately 15 seconds 
using these induction heating fixtures 
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therefore be placed on high production methods. Re- 
gardless of the method of heating, the two primary fac- 
tors which contribute most to speedy output of brazed 
parts are proper selection of alloy form for preplacing in 
the joint, and the provision of suitable fixtures for quick 
handling and supporting of parts. Form in which the 
alloy is furnished—wire, sheet, washers, rings, etc.,— 
should be such that the material will melt quickly and 
supply sufficient alloy without excess that may spoil the 
appearance of the joint or require too much cleaning. 
Two examples of preplacing alloys in a form suited to 
the job are shown in Figs. 9 and 10. Other forms in 
which the alloy may be preplaced include spraying, pow- 
der and tinning with the alloy by dipping. In addition 
to expediting production, preplacing also conserves ma- 
terial, insures wetting, acts as a temperature indicator 
in hand work, and relieves the operator of the respon- 
sibility of feeding the alloy. 


Designing Parts for Furnace Brazing 


Furnace brazing, using oil, gas or electricity as the 
source of heat, is well adapted to high production of small 
parts and parts having several individual joints. Because 
the parts are heated fairly uniformly thermal distortion 
is practically eliminated. In order to insure uniformity 
of heating, however, it is necessary to avoid a wide range 
of thicknesses in the parts. For example, sections only a 
few thousandths of an inch thick attain brazing tempera- 
ture in a few minutes, while a half-inch section may re- 
quire three-quarters of an hour to reach the same tem- 
perature. Fast heating is preferred, requiring a high fur- 
nace temperature and a time cycle which permits removal 
of parts as soon as the alloy has completely flowed. Ac- 
curate control is essential in all cases but becomes par- 
ticularly important in the case of material such as alumi- 
num, where the melting point of the fiiler is close to the 
melting and softening points of the material. If heating 
is too slow there may be some interdiffusion of filler and 
parent metal before actual flow can begin, resulting in 
a weak joint. 

Probably the most important single advantage of the 
electric furnace is the complete atmosphere control which 
is possible. In a controlled neutral or reducing atmos- 





Fig. 13—Overrunning clutch part for automobile engine 
starter is an assembly of a machined clutch end and a 
length of tubing copper brazed in an electric furnace 
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phere it is usually unnecessary to employ a flux, though 
with a few materials such as brass it is still essential. Hy- 
drogen at temperatures above 1500 degrees Fahr. reduces 
the oxides of copper and of steel, permits the molten cop. 
per to flow freely over the steel and alloy with it, and 
enhances the capillary action so essential to the complete 
filling of the joint. Because of the expense of hydrogen, 
furnace design becomes somewhat complicated in the ef- 
fort to minimize leakage at the entrance and exit. Even 
a small furnace may use as much as 300 to 500 cubic feet 
per hour of hydrogen costing upwards of three dollars 
per thousand cubic feet. A further disadvantage of hy- 
drogen is its decarburizing effect on steel at elevated tem- 
peratures, which may necessitate protection such as plat- 
ing. Efforts have therefore been made to find a satis- 
factory atmosphere which is less costly than the hydrogen 
or hydrogen-rich gases hitherto extensively used. 

Briefly, the requirements of an atmosphere are simple. 
It is only necessary to eliminate or greatly reduce the oxy- 
gen and water vapor, after which a comparatively small 
amount of reducing gas will furnish all the protection 
needed. Such a gas can be produced by the combustion 
of a carefully controlled mixture of natural and manu- 
factured gases, with subsequent cooling to precipitate the 


Fig. 14—Two-throw overhung crankshaft assembly con- 
sists of two pins and two webs pressed together and 
copper brazed. Parts are subsequently cyanided 


moisture. Cost of such an atmosphere is said to be less 
than 30 cents per thousand cubic feet. With such a low 
cost, simpler furnace designs can be employed, since loss 
of gas within reasonable limits is not a serious cost item. 

For temperatures up to 1800 degrees Fahr. continuous 
furnaces employing a belt conveyor of heat-resisting alloy 
are highly successful. Timing cycle is controlled by the 
belt speed and is such that the alloy melts when the 
parts are about three-fourths of their travel through the 
furnace. For higher temperatures a pusher type furnace is 
preferred. Because the furnace must also supply heat to 
raise the temperature of any holding devices used to sup- 
port the parts, fuel or power costs can be reduced by 
careful attention to the design of such fixtures or trays. 
A typical 129-kilowatt furnace will handle 600 pounds 
per hour of steel parts copper-brazed at 2040 degrees 
Fahr. operating temperature. 

An entirely different approach to the heating problem 
is found in the induction heating method. By heating 
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Fig. 15—Above—Part for a tank 
gun is a silver-brazed assembly on 
which a gas torch is used as source 
of heat. Alloy is preplaced in the 
joint in the form of flat strips 


Fig. 16 — Right — Furnace-brazed 
clutch-gear bearing retainer, right, 
replaces malleable iron part and 


machined part at center 


"be brazed, the cost of heating is greatly reduced. Because 


‘induction heating does not depend on conduction of heat 
‘through metal and through surface films, it is extremely 
fast and can therefore be highly localized, preserving the 


= physical properties of adjacent sections and avoiding scal- 
‘ing or even discoloration. With accurate control and au- 
‘tomatic timing, uniform results are easily obtainable with 


unskilled operators. 

Induction heating depends for its effect on the creation 
of eddy currents the resistance losses of which are pro- 
portional to the square of frequency and to the square of 
current in the field-producing conductor, while in the case 
of magnetic materials there is also the hysteresis effect due 
to molecular friction, which is proportional to frequency. 
Because nonmagnetic materials depend solely on eddy 
current effect and usually are good conductors, it will be 
apparent that a strong magnetic field and a high frequency 
are necessary. Thus the customary 60-cycle power sup- 
ply is inadequate and a frequency converter is necessary. 


Sources of High-Frequency Current 


Rotary electric generators are used to furnish frequen- 
cies from 3000 up to 15000 cycles per second. They are 
available in high capacities, up to 250 kilowatts, and are 
of simple mechanical construction offering few mainten- 
ance problems. Terminal voltages need not be high, due 
to the low impedance of inductive loads. 

Where higher frequencies are needed to intensify the 
heating effect, resonant spark-gap circuits delivering up to 
200,000 cycles per second are available in capacities up 
to 15 or 20 kilowatts. Still higher frequencies, which may 
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go as high as 5,000,000 cycles per second, are furnished 
by vacuum-tube oscillator circuits. Although the kilowatt 
capacity of this type is limited, the local heating effect 
may be intense due to the high frequencies possible. 
Maintenance is simple and no adjustments are needed to 
maintain the desired frequency. 

The high-frequency field is furnished by a coil consist- 
ing of one or more turns of copper tubing surrounding 
but not touching the part to be brazed. Single coils are 
used to provide a narrow localized heat pattern while 
multiple coils are used where a larger area must be heated. 
Both may be designed to fit the contour of the work and 
are adaptable to complex shapes. Because the strength 
of the field and therefore of the heating effect is inversely 
proportional to the square of the distance from the con- 





ductor, the coil should not be too close to corners and 
sharp edges of the work lest burning occur. 

In brazing a thin-walled object to a heavier part, the 
set-up is so designed that the thick wall is heated first, 
thus preventing overheating of the thinner section. In 
all cases the aim is to bring the two parts up to the 


brazing temperature at the same time. Typical produc- 
tion set-ups for induction brazing are shown in Figs. 11 


and 12. 


Provides Fast Heating Time 


Electric resistance brazing utilizes heat generated 
either in the parts to be joined or in the electrodes, from 
which it is conducted to the material in the vicinity of 
the joint. The latter method, known as incandescent 
carbon brazing, Fig. 8, is more widely used than the for- 
mer. As in the case of induction heating, heating time is 
fast (% to 3 seconds) and the high temperature is local- 
ized. The source of power is a transformer which fur- 
nishes high-amperage low-voltage current and the only 
other equipment necessary comprises brazing tongs, elec- 
trodes, leads and control switch, all of which can be port- 
able. Electrodes generally are carbon, or may be of 
tungsten or a high-tungsten alloy backed by water-cooled 
copper. Strong joints may be produced because the heat 
is applied under pressure, the pressure being maintained 
until the alloy has solidified. 

In dip or bath brazing the parts to be joined are im- 
mersed in a molten bath of filler material (metal bath) or 
of a salt which acts as flux (chemical bath). The method 
has the advantage of quick heating of the whole piece 


(Continued on Page 198) 
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Calculating Beam Deflections 


Photo, courtesy Westinghouse Elec. & Mfg. Co. 
Fig. 1—In large shafts, such as are used on steam turbines, 
deflections under load may seriously affect clearances 
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By C. L. Brown 


Purdue University 


N THE design of beams and shafts loaded in bending 
the calculation of deflections, often an essential de- 
termination, can be greatly simplified by the adop- 

tion of a suitable working approximation. For most pur- 
poses requiring a knowledge of deflections, such as vibra- 
tion and critical speed calculations, and where small clear- 
ances are involved, the accuracy of the results is entirely 
satisfactory. 

Of the several methods which have been devised to de- 

termine deflection curves, the best known is the integra- 
tion of the differential equation of curvature. This is 





COMPLEXITY of rigorous methods often is 
a handicap to speedy determination of 
beam and shaft deflections. Presenting a 
simplified method, this article tells how re- 
liable results can be obtained with con- 
siderable savings of time and effort 





readily applicable to beams of constaut cross section, even 
with several loads, since the principle of superposition 
may be applied. If, however, the beam has a section that 
varies along its length the mathematical integration be- 
comes extremely complex. In cases of this sort other 
methods are usually applied, the most common being in- 
tegration by graphical means or the conjugate beam 
method. 


Approximate Method Saves Time 


Both of these involve much labor and any shortening 
of the required time is a worth-while saving. An approxi- 
mate method can be developed by the application of the 
calculus of finite differences, which is considerably less 
laborious and which yields accuracy fully as good as that 
of the graphical integration method. 

For the deflection of a beam the fundamental differen- 
tial equation is : 


dy M 
Tet ET ees 


where the bending moment M, the moment of inertia I, 
and the elastic modulus E all are functions of x. y is the 
deflection at a point x along the beam. Almost always, E 
is constant and it will be so considered here, but a vari- 
able E can be handled as well as a variable I. 

The first derivative in finite differences, Fig. 2, is the 
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rate of change of y, or 


Y+i1— Yo 
Ax 


Similarly, the second derivative is the rate of change of 
the first derivative: 


Y+1—Yo _ so-y-1 
Ax Ax Jum 2y¥o+v1 
Ax Ax? 








If this is substituted in the differential equation, Equa- 
tion 1, then 





Yui — Zot y-1 " 1 =(+) 
BY I Fe 


Ax? . 


which may be written: 


Ax? 
Y= 2-1 +—[— (4 +). 


or, in general terms 


ail ‘ + 4# M 
Yau = Yn n—1 E T } 


Beginning at a support, it is known that the deflection 
there is zero but further progress cannot be made until 
the deflection of the adjacent point is found. From 
Equation 3, 


y= 2+ () 


¥3= 22-1 +—- = (= ). 


sie) (4), 


or, in general 





zr) 


yam nyt (n—1) - (+ ) te 2) 


If the nth point is at another support, y,—0O and Equa- 


tion 4 may be solved for y,. 
The beam shown’ in Fig. 3 illustrates the method. Di- 
visions were chosen so that /A\x=8, then 


Ax? 3? 


¥F nxie 2" 


The first step is to compute the values of J and M at 
each point and tabulate the results as in TaBLe I. For 
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example, at point 1 the shaft diameter is 3.2 inches, hence 
I=rd*/64—-n X 3.2*/64==5.15 inches*. Also, the bend- 
ing moment is M3600 X 310,800 inch-pounds. If a 
division point falls at a change in shaft section, the I used 
should be the average of the two on either side (points 3 


TABLE I 


Computation of Beam Deflection 


Ax? (—) ~_ 
— } X 
M,xX10" £E a 7s 
n 





ny I, y. X 104 
o. eee 0 0 0 
deeded 5.15 10.8 6.3 —20.8 
Bete 10.25 21.6 6.33 —35.3 
bean 38.0 81.2 2.46 —43.5 
_ ee: 63.5 89.3 1.86 —49.2 
ers arsine 63.5 47.1 2.23 —53.0 
DF sakceiat 63.5 42.8 2.02 —55.6 
DP datcack 38.0 $8.7 8.05 —56.7 
 etade 12.55 30.6 7.32 —54.7 
bie 12.55 20.4 4.88 —45.4 
eases 3.98 10.2 7.68 —31.2 
Rsiaxss pe 0 0 — 89 
and 7). Thus, tor the 4-inch diameter J=12.55 and for 


the 6-inch diameter 163.5, the average being 38 inches‘. 
Now y, is calculated using Equation 4, which may be 


written: 
TT)? 
T)+°: 


). (7). 





yas Ly. 10 (7 ) + 


9 Ax* =(> 


But y,,==0, therefore 





10 





Fig. 2—Portion of deflection curve shows how finite 
differences are defined 


0=11y,+ (10X6.3+9X6.33+8X 2.46+7X1.86 
+6 X 2.33+5X 2.02+4xX3.05 
+3X7.32+2X4.88+7.68)x10~ 
y= —20.8X 10 
The remaining y’s may be calculated from Equation 4 if 
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desired or, more easily, from Equation 3. The latter 
method was used in setting up the table. Sample calcu- 
lations follow. 


Ax? / M 
=2y,— +— ( —_— 
a E ( I ) 2 


=—41.6X10“*+6.3xX10— 


=—35.3X10- 


Ax? / M 
Ne a ie 
Y¥s=2y2 tH ( T ). 
=—70.6X10-*+ 20.8 10-*+6.33x 10-4 


=—43.5X10 


Values y, to y,, are calculated in a similar fashion. Note 
that y,, does not equal zero. This is a cumulative error 
which, if it is objectionable, may be distributed as shown 
on Fig. 3, or avoided entirely by using Equation 4. The 
tabulated calculations were made on a slide rule and the 
error is due to the use of only three significant figures. If 
computations had been made on a calculating machine 
this error would have been eliminated. 

The degree of accuracy obtainable is dependent upon 





the number of changes in diameter of the shaft and the 
number of divisions used. For a shaft of constant diam- 
eter or a tapered shaft an accuracy of +5 per cent is at- 


CORRECTED 
DEFLECTION 





Fig. 3—Stepped shaft under load deflects as indicated 
by approximate elastic curve in lower part of illustration 


tainable with as few as five divisions. A stepped shaft 
requires more, the number depending upon the number 
of abrupt changes in diameter. 





Heat Treating Cast Iron for Wear Resistance’ 


ATHE beds and carriages may experience two dis- 
tinctly different types of damage. Either they may 
wear, losing material gradually from their rubbing sur- 
faces until the accuracy of the lathe is lost, or they may 
gall, material being torn out of one surface in small 
pieces and welding to the other, causing deep gouging. 

Wear is generally due to either abrasive or lack of 
lubrication. Two types of abrasive which cause most 
lathe-bed wear are scale from heat-treated steel and dust 
from cast iron. Both are brittle enough to crush small 
particles that get trapped between the rubbing surfaces 
and are hard enough to cause wear. 

Galling, or scoring is induced by “short-stroke” work in 
which the carriage moves back and forth many times 
over a short distance on the bed. 

No metals seem capable of resisting this type of failure 
indefinitely, even at minute loads, when the stroke is short. 
However, metals vary in their ability to resist scoring for 
a longer stroke, and it is desirable that the best be selected. 

Investigation of the effect of composition of cast iron 
on performance showed that increase of the carbon con- 
tent or small changes in the alloy content do not greatly 
change the rate of wear or the scoring load, so long as 
the iron is fully pearlitic. Ferritic irons must be avoided 
or rapid wear and scoring will be experienced. Low-car- 
bon irons too must be avoided, because one fully pearlitic 
iron with only 2.53 per cent carbon scored at an extreme- 
ly low load. High-alloy irons, containing considerable 
amounts of free carbide, wore a little more slowly and 
scored at somewhat higher loads, but they were expen- 


*From a paper by R. W. Dayton, C. H. Lorig and R. E. Adams, Bat- 
ye es ec institute, presented at the recent annual meeting of the 
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sive and extremely difficult to scrape because the many 
carbide particles dulled scrapers with extreme rapidity. 

Heat-treatment was then tried as a means of obtaining 
the desired improvement. From furnace heat-treating 
experiments, it was found that better results were ob- 
tained by cooling comparatively rapidly from above the 
critical temperature, to produce an extremely fine pearlitic 
structure, than by quenching and drawing to the same 
hardness to produce a sorbitic structure. 

The experiments were extended to sections of beds, and 
it was found that the desired structure and wear resistance 
could be obtained by heating the surface with a flame- 
hardening torch to above the critical temperature, depend- 
ing on the heat drain from the cooler interior of the bed 
to produce the proper rate of cooling. It was found that 
the temperatures of the underlying bed must be some- 
what elevated, by making a preheating run with the 
torches, to prevent too rapid cooling and excessive hard- 
ness. This process is called “flame refining” (patent ap- 
plied for) to distinguish it from flame hardening where a 
quench is essential and full hardness is desired. By ex- 
periment, it was found that these heat-treated irons could 
be scraped at hardnesses up to 80-35 rockwell C if car- 
bide-tipped scrapers were used. 

Wear and scoring tests of these heat-treated irons showed 
that abrasive wear was only 70 per cent as great as that 
of the same irons before heat treatment, and that the 
scoring load was 50 per cent greater than for the same 
irons not hardened. The heat-treating process performs 
even more strikingly on ferritic irons, which is to be ex- 
pected since the flame-refining process eliminates free fer- 
rite from the structure. 
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Fig. 8—Specimens cut -from 
heavy sections of the Ford 
V-8 cast crankshaft show 
zero elongation in the tensile 
test and one foot-pound 
Charpy impact resistance 





Choosing 


he Right 


Part Il—Interpreting Tests* 


By H. W. Gillett 


War Metallurgy Committee 


HETHER or not a test appraises the ade- 
\ \ quacy of a material for specific engineering 

use depends on whether the design engi- 
neer can put his questions in terms like pounds per 
square inch and whether the testing engineer can 
give his replies in the same terms. Unless each can 
and does this, the only recourse is to the automobile 
proving ground type—or the simulated service type 
—of test. 

Simulated service tests are necessary when the 
kind, distribution and intensity of stresses applied 
in service are not known; when unknown and fluc- 
tuating temperatures are met or when special cor- 
rosive atmospheres of variable composition are con- 
cerned. Resorting to simulated service tests is a 
confession of ignorance about the fundamental fac- 
tors of service or of the relative importance of these 
factors. But it is far better to confess ignorance and 
proceed to acquire information, than to specify by 
guess. Simulated service tests are, however, often 
applied more as a matter of psychology than of 
technology, for the assurance they give the execu- 
tive that the engineer hasn’t slipped somewhere. 

From the standpoint of the testing engineer, de- 
scriptions of service requirements phrased in 
pounds per square inch, presumably can be met by 
straightforward testing, those not so phrased can 
be answered only indirectly, if at all. It is such 
considerations that lead the aircraft engineer to 
plaster sensitive, short-length strain gages all over 





*This continues the abstract from a War Metallurgy Committee 
teport, Part I of which appeared in the December issue. 


the airplane and its component parts in order to get a record of 
what the service stresses really are. 

In a way, hardness data “pounds per square inch”. A 
hardness test does tell considerable about “pounds”, and a series 
of hardness indentations tells a lot about uniformity of the 
“square inches”; hardness tests will also tell much about uni- 
formity of materials and of final parts from lot to lot. Thus, in 
testing armor plate, one plate in 100 may be subjected to a 
firing test, the other 99 may be checked for hardness. 

Hardness has strong connotations about machinability, but 
a hardness value is not itself directly usable in design because, 
like tensile strength, it involves deformation far beyond what 
can be allowed in service. 


Determination of Yield Strength 


The primary criterion of load-carrying ability is yield 
strength—the unit load that can be carried without appreciable 
permanent deformation—so that when the load is released the 
piece returns to its original, unloaded, dimensions and position. 
Yield may be determined in tension, compression or torsion, de- 
pending on how the load is to be applied in service. Tension 
testing is the easiest, and is usually adequate because steels 
have about the same yield strength in compression as in tension. 
Cast iron is much stronger in compression than in tension but, 
for any given type of alloy, the compressive and torsional yield 
strengths are usually so directly proportional to the tensile yield 


Fig. 9—Theoretical re- 
lation between notch 
strength ratio and final 
eccentricity of material 
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strength as to be sufficiently indicated when it is known. 

Yield strength is a directly usable, engineering design 
criterion of static load-carrying ability. It supplies the 
universal language for appraisal of load-carrying ability of 
any material. Next to hardness, it is the test most uni- 
versally made. Much engineering design is ostensibly 
based on tensile strength rather than yield strength be- 
cause, in a given class of the older materials of engineer- 
ing, the ratio of yield to tensile strength is fairly constant, 
so either figure served equally well. This is no longer the 
case. Many of the newer materials, especially heat- 
treated and alloy steels, have much higher yield strengths 
than would be expected by applying the old ratio to their 
tensile strengths, so the design basis has shifted to that of 
yield strength. 

The amount of permanent deformation which a speci- 
men is allowed to undergo, before the yield strength is 
considered to have been reached in the test, is usually 
.02 per cent, to facilitate testing, since the factor of safety 
ordinarily insures that the design load, calculated from the 
yield strength, is enough lower so that such a material has 
no permanent deformation in service. | Where closer 
values are needed a smaller permanent set, e.g., .002 per 
cent, is used. 

With adequate knowledge of the load-carrying ability 
required by the intended service, and adequate testing 
to insure that the material used has that load-carrying 
ability, there would be no need for a generous “factor of 
safety”. The required load-carrying ability is, however, 
calculated, for tensile stresses, on the assumption of axial 
loading, uniform loading over the whole cross section. 
Such loading is hard to secure in practice, the load at 
some point on the exterior of the piece is higher, by an 


0 = 
, "108 
Cycles for Rupture,(N) 


Fig. 10—Stress vs. number of cycles for rupture on two 
railway axle steels. Arrows denote unbroken specimens 


uncertain amount, than the calculation. The factor of 
safety is often really intended to take care of this more 
than of the other unknown factors. 

The yield strength test gives pounds per square inch, 
but it is important that the “square inch” represents what 
it is supposed to. Tensile tests of heat-treated steels are 
generally made on specimens roughed out almost to size, 
with only a final grinding allowance, i.e., they are heat- 
treated in about .505-inch diameter specimens. In such 
sections many steels are fully hardenable that are not 
hardenable in larger section. The yield strength values 
obtained on the small section are only true for the large 
section when the large section itself hardens clear through. 
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Besides this, heavy sections of any sort, heat-treated or 
not, are likely to be softer at the core than at the outside. 
Hence, yield strength figures need scrutiny to be sure that 
they truly représent the whole, or that part of the cross 
section in which we are interested. 

In the course of the determination of yield strength, it 
is possible to determine the modulus of elasticity, i.e., the 
reciprocal of the elastic deformation per unit stress. There 
is little need for routine determinations of modulus. All 
steels, nearly up to their yield strength, have closely the 
same modulus of elasticity, the same springiness. It is 
the yield strength that determines the range within which 


a steel spring can be loaded, for, whether it has a high or. 


a low yield strength, the modulus of steel comes in the 
range 27 to 31 million pounds per square inch. Com- 
position and heat treatment are not factors that influence 
modulus to any noteworthy degree. 


Determination of Tensile Strength 


If the pull on the specimen used for measuring yield 
strength is kept up, the specimen starts to yield, to de- 
form permanently, and finally breaks. The maximum load 
withstood up to fracture, divided by the original area, be- 
fore deformation, gives the tensile strength. 


Cases where the engineer uses tensile strength directly 


are almost as rare as hen’s teeth. Complete rupture in 
engineering applications only occurs in protective devices, 
such as shear pins, fuses, bursting disks and the like, or 
in such things as high-explosive shells. Everywhere else, 
the engineer designs for life, not for failure. In cast iron 
and a few nonferrous alloys and in fully hardened, un- 
tempered steel, there is no true yield, the tensile being 
very little above the yield. Engineering steels and nearly 
all engineering nonferrous metals have a considerable gap 
between yield and tensile strengths, a range of plastic 
action. This plastic action is utilized in cold-forming; it 
is not utilized in normal service of a completely finished 
part, save as possible insurance against shattering failure 
when an accident occurs. 


Ductility Determinations 


Ductility values, elongation and reduction of area, de- 
termined in the course of carrying the yield strength test to 
fracture, are not in pounds per square inch, they are in 
per cent of the original length or area. The engineer does 
not and cannot use the figures in design. The fabricator 
does not and cannot use them directly to appraise ability 
for cold forming. Both use them only in indirect fashion, 
for what they connote rather than what they state. 

They do not directly measure toughness. The stress- 
strain diagram plotted from a tensile test gives two areas, 
one that of energy absorbed during elastic deformation, 
depending only on the modulus and the yield strength, 
and second, that of energy absorbed during plastic de- 
formation. 

This area is a quantitative measure. The elongation 
and reduction of area figures give only an inkling of the 
area. Even the area under the stress-strain diagram tells 
nothing about the “notch sensitivity” of the material, it 
defines “toughness” only in a qualitative sense. The duc- 
tility figures do give a rough idea of the reserve of plas- 
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ticity available for insurance against shattering fracture. 

Sachs, Lubahn and Ebert present data on the small 
degree of deformation required under eccentric tensile 
loading, to permit a notched tensile bar of steel to give 
without cracking and thus to eliminate the eccentricity of 
loading before failure ensues. They say that evaluation 
of a steel based on the very high values of contraction of 
area in regular tensile tests is entirely misleading; the 
“notch ductility” represents the practically useful ductil- 
ity. This notch ductility as they define it is not based on 
elongation, but on per cent contraction of area at the root 
of the notch. A strain of less than 2 per cent, thus meas- 
ured, they consider sufficient almost completely to elim- 
inate the effect of stress concentration on the fracture 
stress. However, notch-base-contraction of less than 2 
per cent can accompany a 50 per cent contraction on an 
un-notched tensile bar. 

They propose testing by controlled eccentric tensile 
loading of a notched bar. Without taking space to dis- 
cuss the test details or the meanings of the coordinates, 
one of their figures is shown as Fig. 9, to bring out the 
wide difference between a steel with no notch-base-con- 
traction, i.e., one that behaves brittle, and one with one 
per cent notch-base-contraction which behaves with al- 
most the same toughness as does one with ten per cent. 
Moreover, after deformation has taken place it is not pos- 
sible to distinguish between steels that, pulled without 
eccentricity, show 10 or 30 per cent notch-base contrac- 
tion. 

The same sort of behavior has been found with mag- 
nesium alloys at very low temperatures, a surprisingly 
small amount of plastic flow, around one per cent, suf- 
ficing to allow a tough rather than a brittle fracture under 
static tensile stress. 

Jackman? remarks that many aircraft structural design- 
ers believe that 3 to 5 per cent tensile elongation in cer- 
tain aluminum alloys is adequate for most design condi- 
tions. In an examination of conditions in the 24ST and 
Alclad 24ST skin and flanges of an actual wing, Koegeler 
and Schnitt? show that structural failure ensues from 
excessive permanent deformation that uses less than 1% 
per cent tensile elongation and comment on the contrast 
between this figure and the 10 to 14 per cent elongation 
inherent in the material but “never attained” in service. 


Triaxial Loading 


Some writers argue that because triaxial stresses tend 
to reduce the ability of a metal to undergo plastic flow, a 
large degree of tensile ductility should be present to allow 
more plastic action. The weakness of this argument lies 
in the fact that large tensile ductility does not insure 
against poor plastic behavior under triaxial loading. Cop- 
per, extremely high in tensile ductility, is nevertheless 
quite notch-sensitive. The rate at which a metal cold 
works, becomes strengthened, and passes on the load so 


‘Sachs, G., J. D. Lubahn and L. J. Ebert—‘‘Notched-Bar Tensile Test 
Characteristics of Heat-Treated Low-Alloy Steels”, Preprint No. 26 

for Oct. 1948 meeting American Society for Metals. This discusses 

only static, not fatigue, behavior of notched specimens. 

‘Jackman, K. R.—‘“Super Aluminum Alloys for Aircraft Structures”, 

Aviation, Aug. 1943, Pages 154-158, 163, 297-305. 

'Koegeler. R. K. and A. Schnett—“Effects of Yielding and Perforations 

on a Wing Tension Surface”, Journal Aeronautical Sciences, Vol. 10, 

Oct. 1948, Pages 278-284, $21. 

‘Osgood, W. R.—“Symposium on Significance of the Tension Test of 
Metals in Relation to Design”, Page 584, Reprint from 1940 Pro- 

ceedings A.S.T.M. 
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that the load becomes distributed over a larger volume, 
plays a considerable part in its behavior. So many fac- 
tors, acting at the same time, control the behavior of a 
metal seeking to flow under triaxial stresses that such be- 
havior of that metal is not adequately revealed in the ordi- 
nary tensile test. 

Direct testing under the complex loading conditions of 
service on the actual part, in its actual size and contour, 
needs to be resorted to rather than to assume that a taffy- 
like behavior under a straight pull on a smooth, round 
bar, is necessary. 

Some writers also are vastly impressed by small dif- 
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Fig. 11—Stress vs. number of cycles for rupture on alumi- 
num alloys. All specimens were broken. The S-N curves 
do not show an endurance limit for aluminum alloys 


ferences in reduction of area, feeling that ability to flow 
locally is surely reflected by these values. The percent- 
age reduction of area figures rather emphasize the actual 
deformation. At 25 per cent reduction of area a .505- 
inch diameter bar necks down to .437-inch, at 15 per 
cent to .465-inch. Even at 5 per cent, it necks down to 
.492-inch. Stainless steel, manganese bronze, and vari- 
ous other alloys do not neck much, the decrease in cross 
section resulting from general, rather than local, thinning 
down. Under the approach to triaxial stressing produced 
in a standard notched-bar impact test, these materials act 
tougher than many that show great local necking in the 
ordinary tensile test. 

Osgood‘, speaking of normal adjustment to tensile stress 
as “accident insurance”, remarks that it is the stretching 
prior to necking that counts and advocates noting the gen- 
eral elongation, exclusive of that in the necked portion. 

In considering local plastic deformation in relation to 
formability, as in making a sharp bend, some authorities 
emphasize local elongation (in contrast to the point of 
view taken by Osgood in respect to stress adjustment) and 
point out that in very strong materials whose elongation 
in a 2-inch gage length is very low, there may yet remain 
large ability for deformation over the short length actual- 
ly involved in bending, so that abilities for general and 
for local deformation do not necessarily go hand in hand. 
Hence engineering interpretation of elongation figures 
cannot be soundly made without differentiating between 
general and local ductilities. 

Riegel and Vaughn’ cite a case of two steels of identical 
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tensile and yield strengths, elongation and reduction of 
area, (45 per cent) which gave, in the approach to tri- 
axial loading of the notched bar impact test, 12 to 16 
foot-pounds for one steel and 2 to 4 for the other, and 
comment that this indicates the futility of attempting to 
predict notch-toughness from the figures given by the 
ordinary tensile test or even from the area under the 
stress-strain curve’. 

That ductility itself is of minor engineering importance 
in a finished structure; that the benefits ascribed to it 
come largely from the work hardening accompanying 
severe deformation; and that tensile test methods might 
be elaborated to give information on work-hardening pro- 
pensity or other more direct tests used to evaluate it— 
are brought out in a discussion by O’Neill®. He empha- 
sizes that there is “more promise in using quantities which 
embrace work-hardening properties than in searching for 
a single value which only represents one point on the de- 
i formation curve”. Thus, even from the point of view of 
f fabrication requiring plastic flow, the tensile ductility 
a figures, elongation and reduction of area, are appraised 
as insufticient and incompetent to tell a complete and 
true story. Work hardenability may not be the same 
under polydimensional straining as it is in tension. 

The usual “property charts” for 4340 or any other alloy 
stee] at 115,000 pounds per square inch yield show 65 
per cent reduction of area on a longitudinal section. It is 
well known to metallurgists, though seldom emphasized 
4 to designers, that different heats may all show 65 per cent 
i reduction of area on a longitudinal specimen, but vary in 

transverse specimens from 65 down to half that figure. 
It is only because ductility values are regularly secured 
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Fig. 12—Diagrams indicating the general behavior in 
fatigue of steel of polished, notched, or corroding speci- 
mens, in relation to the tensile strength 
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as a by-product of the directly valuable yield strength de. 
termination and thus are available in quantity, that we 
tend to use them as indirect criteria of quality, when they 
do not at all measure the quality we need. This famil. 
iarity with the normal, usually far superabundant, ductil. 
ity of the material formerly used, is likely to influence oy 
thinking in respect-to a substitute and to make us reject, 
without trial, adequate materials of lower ductility. When 
we free ourselves from these false limitations, we are more 
likely to think of such substitutions as the Ford cast crank. 
shaft, Fig. 8, and the glass gage. Zero ductility is ac. 
ceptable in the actual service of both. 


Resistance to Repeated Stress 


As important as the knowledge of yield strength is the 
endurance limit. Under repeated stress, failure may oc- 
cur, in apparently brittle fashion, at stress levels well 
under the yield strength, and without measurable de- 
formation. The nucleus of failure is usually at the sur 
face, and the fracture shows oyster-shell markings. The 
mechanism of failure is progressively a damaging action, 
formation of a crack as a result, and speedy propagation. 

The nucleus of failure is almost invariably some sort of 
a stress-raising notch, or poor fillet, whose avoidance 
comes within the field of the designer, or an accidental 
nick or a roughness of the surface from the type of ma- 
chine-shop finish used. Mere weakness of the surface, 
due to decarburization, often plays a part in steel. 
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Fig. 13—Distribution curve for number of cycles to fracture 
at 45,500 pounds per square inch 


Two opposing factors operate during repeated stress, 
one the damaging action that finally results in cracking, 
the other a cold-working action that strengthens the ma- 
terial. The strengthening effect is evident in a notched- 
fatigue test of annealed 18-8, which work hardens read- 
ily. A notched bar of this material shows a higher en- 
durance limit than a polished, un-notched bar (contrary 
to the behavior of ordinary steels) because of the local 
work hardening at the base of the notch. It has “crack- 
less plasticity.” 

In general, endurance against repeated stress, on pol 
ished bars, rises as the tensile strength increases, though, 
as is particularly evident in the case of some aluminum 
alloys, it is always true that the stronger the alloy the 
higher its polished-bar endurance. 

In ordinary steel, however, there is a rather close rela- 
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1 is the 


sol tionship between tensile strength and polished-bar endur- 


le de. | 2°® but in notched-endurance the stronger steels are 
a a much more easily damaged, they have too little ability to 

The be cold worked without cracking, and are more notch 
sensitive in fatigue. 


action, ti _— , 

gation Cloud-burst hardening” or shotblasting to peen the 
wi of surface of springs, etc., or the cold working of the sur- 
aden face of a shaft by rollers under pressure, the pressure- 


d rounding of the lips of oil holes by.a suitable tool, and 
idental , . 

working the bases of the notches in threads, keyways, 
splines, etc., by special tools, are expedients that are prov- 
ing highly effective in improving the surface resistance to 
fatigue. The surface is almost invariably the vulnerable 
location. But in all such expedients great care has to be 
taken not to over-cold-work and thus do more damage 
than good. Evaluation of just what constitutes excessive 
‘cold work would be much worthwhile. There are methods 
for control of the shotblasting operation, so that a like 
degree of cold work can be applied day after day, but 
‘proof of just what degree is best requires recourse to 
fatigue tests. 

Strengthening of the surface by case hardening, nitrid- 
‘ing, local flame hardening or induction hardening are 
analogous means for combatting fatigue failures. In the 
‘tase of shotblasting, surface compression stresses are pro- 
duced that may act in analogous fashion to the introduc- 
‘tion of stress in auto-frettage of a gun, and discussion 
tages whether it is the hardening or the compressive 
stress that is the more potent. To the designer it is 


of ma- 
urface, 

















racture 
enough that the result is beneficial, whatever the theory 
involved. 

dial At very high repeated stresses excessive local cold 


: working and the production of incipient cracks will occur 
<i... . . : 
in time, just as happens in ordinary cold-working proc- 
1e ma- ; : 
tched: | &sses where over-cold-working has to be avoided. At low 
‘ stresses, the cold working may be beneficial. The phe- 


} read- ° se 
te en | 20menon of “strengthening by under-stressing”, i.e., a 
are raising of the endurance limit by running at repeated 


ae stresses slightly under the, endurance limit, is very marked 
; in most metals. 


amy The stress level at which strengthening by under-stress- 
om ing is so potent that the material will last for an indefinite 
novel number of cycles, is the endurance limit. Steel has a real 
nina endurance limit; if never stressed above that level it 
oy the would last forever, as far as can be determined. In most 

"Research Committee on Fatigue of Mctals—‘“‘Summary of Present Day 
e rela- Knowledge of Fatigue Phenomena in Metals”, Proceedings A.S.T.M., 


Vol. 80. Part 1, 1980, Pages 260-310. 
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nonferrous alloys there is no such sharp limit; at low 
stresses the strengthening effect predominates over the 
damaging effect of overstress but is not able to keep up 
this dominance indefinitely. Ultimately the limit of the 
ability for local cold working is reached and further ze- 
peated stressing produces damage. Hence, the endur- 
ance limit for steel can be satisfactorily established by run- 
ning 5 or 10 million cycles, but in nonferrous alloys not 
less than 50 million, preferably 200 to 500 million cycles 
are imposed in careful testing. The endurance stress 
figures for nonferrous alloys need to be accompanied by 
a statement as to the number of cycles to which testing 
was carried, Figs. 10 and 11. 

Endurance data for most structural materials have been 
obtained by the rotary bending method. The Fatigue 
Research Committee of the American Society for Testing 
Materials has wisely chosen not to “standardize” fatigue 
testing methods, but instead, to discuss’ the precautions 
necessary for reliable and reproducible results. 

Fatigue phenomena are independent of speed within 
the ordinarily practical speeds of testing, so that fatigue 
tests may be speeded up enough to make them suitable 
for general use. When corrosion is involved simultane- 
ously with stress, test methods have been worked out to 
appraise corrosion-fatigue resistance, but corrosion takes 
time, and such tests cannot be speeded up very much. 
Fig. 12 shows the behavior of steels of different strengths 
and hardness, tested in fatigue as polished bars, bars with 
notches, or polished bars with simultaneous corrosion. 
This brings out two important facts: First, that when 
notches are present, very strong steels as a class are no 
better than moderately strong ones and, second, that there 
may be a high degree of scatter in fatigue results of dif- 
ferent steels of the same static strength. 

In fatigue testing there is no analogy to the ductility 
measurements of the tensile test. Fatigue fractures may, 
and usually do, occur without any measurable permanent 
distortion of the piece. Such fractures usually occur 
when no applied stress has ever been as high as the yield 
strength. In line with this is the fact that the ductility 
values determined in the tensile test have no correlation 
with fatigue resistance. The phenomena of stretching and 
necking down have no opportunity to come into play. The 
same is true of the notched-bar impact test, whose re- 
sults throw no light on fatigue problems. 

That is, in fatigue, notch sensitivity is measurable only 
by the ratio between the polished endurance limit and the 
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Fig. 15—Comparison of 
Charpy values for malle- 
able cast iron at various 
temperatures, with 70 foot- 
pound wedge test 
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Temperature (F).... —50 
Charpy value (ft-lb) 3.5—4 
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notched endurance limit; there is no other criterion. The 
notched-fatigue limit has to be determined directly. 

If we know that the repeatedly applied stresses are at a 
definite level, the endurance and the notched-endurance 
limits have a “pounds per square inch” meaning. If 
stresses above those limits are to be applied, but the engi- 
neer cannot state their intensity or number and neverthe- 
less demands evaluation of a material for “guts” to stand 
undefined overload punishment, the testing engineer is in 
a quandary. 


Overloads and Damage 


Most engineering metals will stand quite a number of 
high overloads without distortion or damage. That is, if 
the repeated stress is thereafter lowered to that of the en- 
durance limit, the not-too-greatly-abused specimen will 
last indefinitely, in spite of having been overloaded. The 
part would fail if the overloads were indefinitely repeated, 
yet it will not even distort in one such overload below the 
yield strength. Somewhere between the one, harmless, 
and the finite number, fatal, of overloads is a dividing 
line between a nondamaging and a damaging number. 
No crack develops during the nondamaging period, nor 
does it develop visibly, if it is there at all, in the first part 
of the damaging period. A crack does develop toward 
the end of the damaging period; after the crack starts, 
failure is certainly inevitable at the stress level of the en- 
durance limit, where material undamaged by repeated 
overload would not fail. 

Reasonable basis for evaluation of the propensity to- 
ward or relative freedom from damage might be had 
through an arbitrary schedule of overstressing. A speci- 
men could be run for some definite fraction of the life it 
has shown at some definite overstress as a virgin bar, then 
be run at a lower stress, i.e., at the endurance limit or 
only at slightly above the endurance limit. The behavior 
at this lower stress, compared with the behavior of a vir- 
gin specimen, will show whether the specimen was or 
was not damag.d. Some such damage data exist, and 
are collected in “Prevention of the Failure of Metals 
Under Repeated Stress”, a handbook prepared for the 
Bureau of Aeronautics, Navy Department, but few have 
been obtained on such a schedule as to be thoroughly 
comparable with each other. 


Far too few data exist on different classes of steel, dif-- 


ferent structures resulting from heat treatment and differ- 
ent heats of ostensibly similar steels, to allow generaliza- 
tions about damage. It is, however, certain that steels, 
structures, and probably heats, do vary in resistance to 
damage. It is also certain that no way of revealing fatigue 
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damage ‘is known save the very tedious method of over- 
stressing and then running fatigue tests on the over- 
stressed specimens. 

The scatter among duplicate tests of virgin bars, result- 
ing in a S-N band, means that many damage tests are 
necessary in order to establish the trend of behavior. At- 
tention to the elimination of scatter will have to precede 
accurate knowledge of damage behavior. An important 
clue to one cause of scatter on polished-bar endurance 
tests seems to be emerging from current investigations. 
The importance of the surface cold working that occurs 
in mechanical polishing has evidently been greatly under- 
estimated. In supposedly “duplicate” specimens, various 
amounts of final polishing may be required to remove 
scratches left from earlier operations and these variations 
in cold work are reflected in variations in life, i.e., scatter 
is produced. Without some such cause the distribution 
curve of Fig. 13 should have equal deviations from the 
mean, whereas the deviation is markedly on the side of 
increased life, presumably representing those specimens 
that received more cold work. 

The data of Fig. 13 were obtained as a prelude to dam- 
age studies. A specimen from each bar of the low carbon 
steel used was tested at 45,500 pounds per square inch 
and unless it broke at close to 30,000 cycles, that bar was 
discarded. The bars that passed were made into polished 
fatigue specimens, overstressed as indicated in Fig. 14, 
then S-N curves were determined to give the new endur- 
ance limits, after overstressing. The tendency toward 
increased lowering of the new endurance limits with in- 
creasing number of cycles of overstress is clear, but the 
scatter in individual sets was large. Conclusions drawn 
from a few specimens in the study of damage on a given 
heat may not be sound because of uncertainty due to 
scatter. 

Increasing use of recording strain gages in aircraft 
flight testing suggests that there are now available, or may 
readily be made available, data showing with a reasonable 
degree of reliability the relative intensities of the succes- 
sion of repeated stresses to which any part of an aircraft 
is expected to be subjected in service, provided that a 
suitable strain gage may be applied to that part. That is, 
the frequency of occurrence of low and of high stresses 
could be plotted in a curve representing both the periods 
of understressing (and strengthening) and of overstress- 
ing (and possible damage). 

A laboratory test could then be devised to apply 4 
sequence of repeated stresses correctly representing these 
periods and could be continuously applied to an actual, 
full-sized, aircraft part (with all its stress raisers), di- 
vorced from the rest of the plane, thus allowing a test to 
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be carried out in a few weeks that might correspond to 
the expected years of actual service. 

The question would arise as to the effect of the 
sequence of stresses, for if the total number of peak 
stresses expected in the life of the plane were crowded 
closely together without long periods of intermediate un- 
derstressing, the opportunity for repair would be mini- 
mized, but this question likewise might be fairly promptly 
answered by well-chosen variations in the laboratory test. 


Determining Notch Sensitivity 


Materials that ordinarily are appraised as tough some- 
times fracture in brittle fashion under a single blow. Our 
first impulse is to blame the material and try to set up a 
test to evaluate its propensity toward brittle behavior. On 
the assumption that the test tells all, we are then prone 
to draw unwarranted conclusions from the test figures. 

The test consists in measuring the foot-pounds of 
energy absorbed in fracturing a bar carrying a notch of 
such severity that any engineer would do his best to avoid 
it if he could possibly find a way to do so. Results are 
reproducible only for a given size bar and given notch. 
Scale models do nit tell consistent stories. This should 
at once make us suspicious of data given by a tiny speci- 
men. The whole thing boils down to the fact that notch 
brittleness depends as much on the geometry of the piece 
and the restraint this geometry of size and shape imposes 
upon plastic deformation, as upon the ability of the ma- 
terial to deform in plastic fashion. 

According to theory, brittle behavior depends on the 
ratio of shear strength to cohesive strength, and on the 
ratio of applied shear and tensile stresses. Unfortunately, 
no one knows how to measure cohesive strength; even its 
order of magnitude has to be judged by indirect methods. 
A material is ductile in the tension test when the cohesive 
strength is twice, or more than twice, the shear strength. 
A notch increases the ratio of tensile to shear stress. 

When a material is without ductility in the tension test, 
and gives a flat break, without necking, the notched-bar 
test likewise shows it brittle. This is the case with cast 
iron. The reverse is not necessarily true. When a mate- 
tial does have ductility in the tension test, and thus can 
deform when conditions of constraint allow it to deform, 
and it starts to deform, it cold works. The cold work 
may alter the ratio of shear to cohesive strength and the 
ratio may also be altered by temperature. 

Notches produce triaxial tension stresses, and the adop- 
tion of a “standard” notched bar represents a groping to- 
ward the end of subjecting materials to controllable tri- 
axial tension. There is no practical method of either 
measuring or computing the magnitude of triaxial tension 
induced by a notch in a crystalline material, and there is 
no general agreement as to what constitutes similarity be- 
tween notches in small test bars and those in large parts. 
This lack of agreement originates from observations that 
notches which are supposed to be “geometrically” similar 
do not produce the same results on large parts as they do 
on small test pieces. This means that there is a “scale” 





"Inglis, N. P.—‘‘Relationship Between Mechanical Tests of Materials and 
Their Suitability for Specific Working Conditions”. Transactions N. E. 
me Ind. Engineers and Shipbuilders, Page 53, Pages 101-136, 

36-37. 

‘Aero Components Subcommittee—“A Metallurgical Study of German 
and Italian Aircraft Engine and Airframe Parts”, Metallurgia, Vol. 26, 
Aug. 1942, Pages 129-136. 
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effect in the geometry that is not completely understood. 

Brittleness or toughness in the notched-bar impact test 
is not an indicator of notched-fatigue behavior. Cast iron, 
very brittle in the single-blow notched-bar test, is insensi- 
tive to notches in fatigue. A striking case of lack of cor- 
relation is réported by Inglis* for a‘ certain lot of con- 
structional nickel-chromium steel which, in elevated tem- 
perature service at 750 degrees Fahr. for several «years, 
dropped in room temperature notched-impact from 38 
foot-pounds to 4 foot-pounds, but endurance tests on 
threaded specimens of the steel in the two ‘conditions 
gave exactly the same—23,500 pounds per square inch 
notched endurance limit. 


If we are not going to subject the material to stress 
conditions conducive to brittle behavior, low notched-bar., 
impact figures are not a detriment. The Ford crankshaft; 
Fig. 8, with around one foot-pound yet servings in mils 
lions of cars, is an excellent example. « - 4 ge 

In World War I, aircraft engine crankshafts were evalu- 


ated with great attention to securing high notched-bar 
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Fig. 16—Charpy data at low temperatures on .35 per cent 
carbon steel. Scatter at —35 degrees shows borderline 
condition 


values. At present, nitrided crankshafts for the Rolls 
Royce aircraft engine are specified at 55 foot-pounds Izod 
minimum in the core. In an early type of the German 
Jumo 211 engine for some of the Junkers planes, speci- 
mens of crankshafts from captured engines showed some 
70 foot-pounds impact, but in a later type the crankshaft 
(though not of a regular nitriding steel) was nitrided for 
better wear resistance and the impact figure was reduced 
to some 10 foot-pounds.® 


(Continued on Page 206) 
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Fig. 1—Discrepancies in test data for 
bearings occur because of differences 
in angle covered by supporting film 


ALTHOUGH load - carrying 
characteristics of sleeve bear- 
ings have been the subject of 
considerable research and in- 
vestigation, seeming discrep- 
ancies appear in the results 
from different sources. To 
provide the designer with 
working data on such bear- 
ings, this article reviews avail- 
able information and com- 
bines test results from two 
authoritative sources in the ~ 
form of a practical chart 
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Fig. 2—Sleeve bearing load characteristics include Kingsbury correction 


LEEVE bearing characteristics 
S determined from several sources 
are reproduced in the accompanying diagrams in 
such a manner as to admit direct comparison. The vari- 
able (p/yn)[(D -d) /d]? which represents the load-carry- 
ing capacity of a bearing is shown as a function of the 
relative oil film thickness 2h/(D-d). Film thickness is 


more important to machine designers than the more gen-, 


erally used relative eccentricity, 1—2h/(D-d). 

It is comparatively simple to derive mathematically the 
load variable for a full bearing without side leakage or 
‘one of infinite width. Yet the curves for such a bearing 
given in hand books and textbooks differ considerably 
due to the fact that the effective film arc a, Fig. 1, is by 
no means 360 degrees. The exact actual angle covered 
by the supporting film is not known. The load variable 
given in Kent (1)* and shown in Fig. 2, is based on an 
effective film are of 180 degrees, while according to 
Marks (2) the angle @ between entering edge of film and 
load line is assumed to be 60 degrees which would corre- 


®Numbered references are listed at end of article. 
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factors for side leakage under optimum film proportions 


spond to an effective film arc of approximately 110 de 
grees for optimum conditions. Loadings for bearings 
without side leakage given in Reference (2) are therefore 
lower by as much as 33 per cent for a relative film thick- 


TABLE [| 


Load Variable Disagreement 
Deviation of Fig. 4 from Fig. 2, per cent 








B/D Values of 2h/(D-d) —— 
45 50 55 .60 65 70 

8 +8 +8 0 0 +2 +1 
2 +9 +4 a | +2 +8 +8 
1.5 +9 +5 +2 +2 +4 +9 
1.0 +7 +8 0 0 +2 +1 
75 +7 +2 0 0 +2 +6 
50 +6 +2 —l —_j +1 +6 


ness of .2, up to 56 per cent for a thickness of .8. 

To find the load variable of a bearing of finite width the 
curve values for a bearing of infinite width have to be 
multiplied by a correction factor. A curve of correction 
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Fig. 3—Right—Load variables for 
sleeve bearings as reported by Sachs 


factors for optimum film proportions 
given in Kent has been established ex- 
perimentally by an ingenious method 
based on the Kingsbury electrical 
analogy, and checks closely with the 
few calculated points available. Dif- 
ficulties arise again in applying these 
factors to full bearings on accourt of the more or less 
arbitrarily assumed effective film arc. Correction factors 
given in Marks agree with the Kingsbury factors for a 
film arc « of approximately 110 degrees. In the absence 
of more accurate data they are apparently to be applied 
for the entire range of relative film thicknesses, though 
strictly valid only for optimum thicknesses. 

The load variable given in Product Engineering (38) 
and shown in Fig. 3, has basically the same form as all 
others. This load variable can be obtained approximately 
by multiplying the values from curve B/D= oo, Fig. 2, 
by the following correction factors: 


B/D = 2 1.5 1.0 18 
Correction factor = .55 50 Al 35 


The origin of these correction factors, which cannot be 
reconciled with the Kingsbury correction factors, has not 
been disclosed so that it is difficult to say whether they 
approach actual conditions more closely than the Kings- 


Relative Film Thickness net 
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bury factors, which have a theoretical basis. 
The load variable given in MacninE Desicn (4) is ex- 
pressed in a simple formula: 





Pp ( D-d 7 .0702 ( D-d iz 
pn d —  €@ 2h 


where 


This equation closely represents extensive test results for 
the bearing ratio B/D—=15/11 and a relative film thick- 
ness of between .2 and .8. With this known it is no longer 
necessary to hazard a guess as to the effective film arc. 
The question is now simply: What effective film arc will 
reconcile these test results with the Kingsbury correction 
factor? Fig. 2 shows the load variable for B/D=©« 
given in Kent multiplied by Kings- 
bury correction factors for an effective 
film arc of «170 degrees. Fig. 4 
represents the formula given in Ma- 
CHINE Desicn. The percentage of 
disagreement with values of curves in 
Fig. 2 is given in Taste I. It can be 


Fig. 4—Left—Characteristics of sleeve 

bearings, based on tests by Rumpf. 

Curve for the test bearing is shown 
by a broken line 
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seen that the agreement is nearly perfect for relative film 
thickness between .5 and .65. These are the usual opti- 
mum film thicknesses and for these only are Kingsbury 
corrector factors valid; further, for these only can they 
serve as a criterion. It also should be borne in mind that 


‘it is hardly possible to read the graphs given in hand- 


books with an error of less than + 2 per cent. 

The first three cases discussed use, as underlying equa- 
tion, that for a bearing of infinite width, derived by mathe- 
matical analysis, while the fourth one starts out with an 
experimentally established equation for a bearing of com- 
mon proportions. In all four cases the load variable for 


a bearing of other proportions than the one of the basic 
equation is arrived at by the use of a correction factor 
which is a function of the bearing ratio B/D. Use of the 
term “correction factor” in the subject literature is un- 
fortunate since it implies the existence of error. It is more 
logically referred to as a correlation factor. 

There has never been much illusion regarding the valid- 


[Relolo Mel alel ol (= 


~}-— Dler— 
| i\ 
& I 


is Ree eS mae 
x 4 5 ye) 
Relative Film Thickness 


| 


ity of this simple expedient. As far back as 1934:there 
were published correlation factors of wider scope based 
on tests and presented as a function of the ratio. B/D and 
the film are as well as of the relative film thickness (5). 
Although representing some of the most advanced work 
on thick film lubrication, the results for some inexplicable 
reason have been presented only recently (6) in a form 


Nomenclature 


D = Diameter* of bearing, inches 

d = Diameter® of shaft, inches 

B = Axial width of bearing, inches 

p = Unit pressure on projected bearing area, psi 

«% = Absolute viscosity of lubricant in Reyns, pound- 

seconds per square inch 

n = Velocity in revolutions per minute 

h = Minimum oil film thickness 

a = Angle of effective film arc, degrees 

% = Angle between entering edge and load line, degrees 

*The bearing clearance D-d appearing in the equations of the hydro- 
dynamic theory of lubrication applies only to absolutely smooth and per- 


fectly cylindrical journals and bearings. In practice the clearance is to be 
considered greater than D-d by the amount of the surface roughnesses. 
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TABLE II 
Load Variable Disagreement 
Deviation of Fig. 4 from Fig. 5, per cent 








B/D Values of 2h/ (D-d) —.. 
2 3 4 5 6 7 8 

+24 +15 + 6 +2 —2 — —~ 

2 +15 +10 + 4 +2 +1 —l —] 
1.5 + 7 + 3 + 1 0 0 0 0 
1 —18 — 8 —4 —3 —l +1 +2 
75 —23 —13 — 8 —4 —l +2 +4 

5 -—3l1l —21 —13 —6 —l —l —| 


which a machine designer could readily use. 

The ratio of load variables of two bearings of different 
proportions B/D and different film arc « but for the same 
relative film thickness is fixed through the correction fae. 
tors by S. J. Needs. For this reason it is possible to use 
Equation 1 for the bearing ratio B/D=15/11, which 
represents a test curve, and construct from it the curves 
of other bearing ratios as shown in Fig. 5. A film are of 
%—=180 degrees has been used for this purpose for no 


Fig. 5—Sleeve bearing load charac- 

teristics, based on the test curve in 

Fig. 4 and on correlation factors de- 
termined by Needs 


other reason than that the theoretical curve B/D=« of 
Fig. 2, and the test curve B/D—=15/11 of Fig. 4, can best 
be reconciled with Needs’ correction factors. The curves 
in Fig. 5 are thus entirely constructed from test data. Of 
interest is the percentage of disagreement of Equation 1 
from these curves, TABLE II. The deviation is solely 
caused by the correction factor c=1-+-2(B/D)?. Since 
the test data at present available are meager and in view 
of the fact that none of the methods by which load char- 
acteristics of sleeve bearings have been obtained are be- 
yond criticism, the comparison of the curves seems to be 
favorable for common ratios and film thicknesses. 
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Developing 
Machine 


By William Tuerck, Jr. 


Chief Engineer—Electronics Division 
Van Norman Company 


ITH the efficient and econ- 
omical performance of produc: 
tion operations such as harden- 
ing, brazing, soldering, tempering, etc., 
dependent on equipment which will 
supply quick, accurately controlled heat, 
induction-type heaters are earning ever- 
increasing recognition. One of the lead- 
ing types of induction heaters is the 
spark-gap high-frequency induction oscil- 
lator, depending, as the name implies, 
on the action of spark-gaps for its opera- 
tion. Before discussing the design de- 
tails of such a machine, the operating 
procedure might be summed up as fol- 
lows: 
Low line voltage is stepped up to 


Fig. 2—General view of complete ma- 

chine consisting of oscillator unit, shown 

at rear, and utility cabinet which con- 
tains the heat-quench assembly 


Macuine Desicn—January, 1944 187 


an Induction Heating 












Fig. 1—Typical heating and 

quenching unit, showing 

toothed portion of a clutch 
member being hardened 
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Fig. 3—Assembly drawing of a water- 
cooled gap unit. Tubes carry cooling 
water to disk members 


about 20,000 volts by means of a trans- 
former, impressed across a set of spark- 
gaps, which, in turn, are shunted by 
means of a series-parallel tuned circuit. 
This tuned circuit, in conjunction with 
the spark-gaps, provides the necessary 
high-frequency currents needed tor in- 
duction heating. 

For induction-heating equipment to 
perform efficiently, the heating and 
quenching operations must be effected 
quickly and in a manner permitting the 
operator to handle the parts with ut- 
most dispatch. A typical heating and 
quenching unit is illustrated in Fig. 1, 
where the toothed portion of a clutch 
member is shown in the process of be- 
ing hardened. Essentially the unit com- 
prises a heating coil (visible beneath the 
clutch member) and a quenching ring. 
Parts to be treated are placed on the 
coil, heated to the prescribed tempera- 
ture and quickly quenched by a water 
spray emanating from holes in the inner 
diameter of the quenching ring. 


Two Types of Gaps Employed 


Fig. 2 shows the general appearance 
of the complete machine, consisting of 
the oscillator and a utility cabinet con- 
taining the unit pictured in Fig. 1. In- 
side arrangement of the various com- 
ponent parts of the oscillator unit is 
pictured in Fig. 4, with the spark-gap 
assemblies shown on the right. These 
spark-gap assemblies constitute the 
operational “heart” of the oscillator and 
include two types—water-cooled and 
air-cooled. The water-cooled gaps are 
the principal units, while the air-cooled 
gaps are used as auxiliaries. 

Fig. 3 shows an assembly drawing of 
a water-cooled gap unit. It consists of 
three brass castings mounted on a phen- 
olic plastic base, on which the castings 
are free to slide over runners. To these 
castings are brazed the tungsten disks, 
two on the center section and one on 
each side casting. These tungsten discs 
provide the sparking surfaces and are 
machined perfectly parallel to one an- 
other to insure uniform arcing. Since 
the arcing on these surfaces will create 
heating, means for cooling have been 


Fig. #—Arrangement of component parts 
of oscillator unit with spark-gap as- 
semblies at extreme right 
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carefully designed and incorporated as 
shown in the bottom view of Fig. 8. 
Water enters through the copper tube, 
flows through the right-hand casting and 
rubber hose loop to the center section, 
then back to another rubber loop to the 
left casting, and out to another similar 
assembly. Purpose of the rubber hose 
loops is to eliminate a direct electrical 
connection between the three castings 
of the unit. 

Because of the large impact produced 
by sparking on the tungsten disks, these 
disks are made from forged tungsten 
and later stamped out by dies. 


. : : 


Brazing of Disks Important 


Particular attention has been given 
to the importance of thorough and ac- 
curate brazing of the tungsten disks 
to the gap castings. Selection of proper 
brazing material plus thorough clean- 
ing of surfaces has resulted in a satis- 
factory solid braze. Too hard for ma- 
chining, being about 45-C rockwell, the 
disks are ground on their surfaces and 
diameters, so they are parallel to one an- 
other and also concentric. Rubber hose 
connections are made to the castings by 
means of a copper tube (see Fig. 3) soft- 
soldered into the castin&. 

Again referring to Fig. 3, the center 
casting has a brass plate soft-soldered 
on the top to close the opening. This 
simplifies machining of the part, as well 
as the casting, since all holes are drilled 
and milled. The base consists of a phen- 
Fig. 6—Below—Rotating fixture for hardening gears. Quenching ring is olic plastic molding, provided with brass 

outside the heating coil which immediately circles the gear inserts. Material specifications require 
this plastic base to be heat resistant, 
are resistant, a good insulator, and re- 
sistant to water absorption. A phenolic 
plastic with an asbestos base was select 
ed as most closely approaching the de- 
sired specifications. 

By means of a feeler gage, the spark- 
ing gap between the two adjacent tung- 
sten disks is adjusted to 0.003-inch. This 
adjustment is accomplished by loosen- 
ing the setscrews on the two side cast- 
ings and turning the adjusting knob 
until the gage just passes between the 
disks. Then the setscrews again are 
tightened to insure permanence of the 
adjustment. Depending on the size of 
the machine, a number of these gap 
units are placed on a die-stock panel 
and connected in series as shown in 
Fig. 5. 

In series with this set of water-cooled 
gaps is a set of air-cooled gaps. These 
are needed because of the electrical 


(Concluded on Page 194) 





Fig. 5—Above—View of side of machine with cover removed, showing gang 
of spark-gap units mounted on panel 
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Designing 
Electronic Control 


Devices 


By W. D. Cockrell 


General Electric Co. 


ECHANICAL engineers have a larger stake in electronic 
control, particularly in photoelectric control, than many 
realize. In this new tool they have a means of supplement- 


Fig. 1—Above—Photoelectric register control for 
label positioning on_wrapping machine 


ing mechanical operations in many ways. Electronic tubes, al- Fig. 2—Below—Half-wave rectifiers compared 


most infinitely fast and inertialess, can supplement mechanical 


control to produce many results hitherto 
considered impossible. A beam of light, 
a small voltage, or a change in magnet- 
ic or electrostatic field, produced by 
mechanical or chemical means, may act 
as a lever, pushrod, cam follower, or trip 
latch. A typical application is the regis- 
ter control illustrated in Fig. 1. 

The electron tube may be described Ac 
as a valve. With only one of the ele- — 
ments capable of emitting electrons, 
current can flow in but one direction, 
making a one-way valve. Some appli- 
cations use the one-way effect, others 
employ throttling effect, while a few 
utilize both. 

RECTIFIERS: The one-way action may be used like a 
mechanical pawl-and-ratchet motion or, if preferable, 
like a crank-and-piston to transform the alternating current 
normally supplied by the power companies into direct 
current which is more useful for operating variable-speed 
motors, for charging batteries and for many chemical 
processes. Alternating voltage usually supplied to a 
transformer reverses its potential 120 times per second. 
If a two-element electron tube is connected in such a 
circuit, it will permit the electrons to flow only when 
the anode potential is positive. Therefore the current 
will flow through the load in only one direction, but, 
since the power supply is reversed half the time, this load 
current will be intermittent. This is similar in action to 
a one-cylinder gasoline engine and, like the gasoline en- 
gine, a large electrical flywheel is necessary to provide 
continuous power to the load, Fig. 2. To secure a more 


Abstract of a paper presented at the recent New York annual meet- 
ing of The American Society of Mechsnical Engineers. 
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with one-cylinder gasoline engine. Curves show 
power output against time 
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ONE CYLINDER 
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A LARGE FLYWHEEL 





even flow of power, a reverse transformer winding may 
be used to supply a positive potential to a second rec- 
tifier the half-cycle that the first is inoperative, Fig. 3. 
This, of course, provides better direct-current output with 
a smaller electrical flywheel. Finally, by using a number 
of tubes, 3, 6, or 12, and a multiphase alternating-current 
supply, smooth direct-current power may be produced, 
just as a multicylinder gasoline engine produces a smooth 
flow of power with a minimum sized flywheel. An analogy 
between this type of electrical power and the uniform 
output of an engine is shown in Fig. 4. 

THE ELectronic AMPLIFIER: Another important use 
of electronic tubes is to amplify, or step up, a weak input 
signal to a strong output signal. This input signal must 
be applied to the grid of the amplifier tube as a voltage 
or potential change. If the weak signal is in the form 
of a small current, it must be transformed to a voltage 
by forcing the current through a high resistance to obtain 
a large: potential difference across it. It is similar to 
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obtaining a high-pressure reading from a small flow of 
water by forcing the water through a small pipe. This 
resistance may be many million ohms so that, should the 
input signal consist of currents expressed in millionths 
of an ampere, the voltage produced will be usable. No 
power is required on: the grid of the tube, but some power 
is required in this input resistor. 

Change in potential on the tube grid will cause a 
change in the current or electron flow between cathode 
and anode. If ‘another resistor, or impedance, through 
which the tube current must be forced, is placed in series 
with the anode the potential change in this impedance 
will be much greater than that of the grid-potential change. 
If this in turn is transferred to the grid 
of a second tube and its anode current 
is again passed through an impedance 
to control the grid of a third tube, it is 
evident that immense amplification or 
magnification of the first potential 
change will be available at the anode of 
this final tube, Fig. 5. Most amplifier 
circuits transfer their signal between an 
anode and following grid through a 
capacitor or transformer, but the princi- 
ple remains the same. 

It should be noted that no power has 
been produced by the tubes. They 
have simply acted as valves to release a larger amount 
of power from some external power source, such as a 
battery which forces current through the tubes and their 
connected impedance. Theoretically, signals can be am- 
plified thousands of times in a single tube and, in stand- 
ard industrial applications, a voltage ‘amplification of hun- 
dreds of times and power amplification between input 
and output of millions of times is common. 

Oscr.Lators: Since the power required at the grid 
of the tube is only a small part of the output-controlled 
power, a small amount of this output power may be fed 
back to control the grid at the proper frequency, thus ob- 
taining a controlled alternating-current output from the 
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direct current supplied to the tube, Fig. 6. 

Rotating equipment can generate frequencies up to 
5000 or 10,000 cycles per second. Because of the im- 
mense speed of the electrons, electronic equipment can 
generate frequencies up to many millions of cycles per 
second. 

Oscillator tubes provide the type of power necessary 
for radio broadcasting, dielectric heating of plastics and 
induction heating of small pieces of metal. It must be 
remembered however, that control of any large amount 
of power by the use of high-vacuum tubes is extremely 
expensive. For this reason, most electronic control of in- 
‘dustrial power is ultimately obtained from the gas-filled 
tube. 


Gas-Filled Tubes 


When in a simple two-element vacuum tube, the elec- 
trons are being drawn from cathode to anode, an interest- 
ing thing happens. Electrons move across the space be- 
cause they are negative charges attracted by the positive 
anode. Since they themselves are negative, however, 
they will tend to shield all electrons between themselves 
and the cathode from the action of the anode in the same 
manner that the negative grid does. This effect is so 
great that, in order to obtain the one ampere of current 
necessary to light a 100-watt lamp, it might be necessary 
to apply 1000-volts between anode and cathode. This 
means that high-vacuum tubes are most useful at low 
currents or with high-voltage loads. 

However, if a small amount of gas is introduced into a 
vacuum-tube envelope, about .0001 of atmospheric pres- 
sure, a remarkable change in this space charge takes 
place. The gas may be inert, such as argon or xenon, or 
the mercury vapor above a small drop of mercury at nor- 
mal room temperature. 

If the positive potential on the anode is not more than 





Fig. 3—Above—Full-wave or biphase half-wave rectifier 
with 2-cylinder engine analogy 


Fig. ¢—Below—Multiphase rectifier produces smooth 
direct-current output 
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Fig. 5 — Above — Three- 
stage vacuum-tube ampli- 
fier circuit 


Fig. 6—-Left— Vacuum-tube 

oscillator to convert direct- 

current power to alternat- 
ing current 


eight volts, then the electrons leaving the cathode bump 
into the many gas molecules in their path to the anode so 
that their progress is slowed down considerably and the 
current flowing is small. However, somewhere between 
8 and 12 volts, depending on the type of gas and the 
pressure, some electrons attain sufficient speed so that, in 
striking these gas atoms, they knock an electron or two 
from them. Then, for each original electron, two free 
electrons move toward the anode. The atom, losing an 
electron, becomes a positive ion which drifts toward the 
cathode. The glancing electron may hit other atoms and 
knock out other electrons on its erratic course to the 
anode, until finally almost the whole area between cath- 
ode and anode, no matter what its shape or length, is 
filled with flying electrons and positive ions. Of course, 
many atoms recombine with electrons giving up their 
energy in the form of the familiar glow seen in gas-filled 
tubes. Yet, on the whole, this so-called “plasma” is com- 
posed of approximately equal numbers of positive ions 
and negative electrons. 


Plasma Potential Is Constant 


Electrons are always arriving at this plasma from the 
cathode and are leaving at the anodes, but the plasma 
always maintains a potential of about 10 or 15 volts 
positive with respect to the cathode. If more electrons 
should leave than arrive, the average potential of the 
plasma will rise, accelerating the electrons to a higher 
speed, thus knocking more electrons from the neutral 
atoms within the plasma. If more electrons arrive than 
leave, the potential of the plasma will be lowered and the 
average potential of the arriving electrons from the cath- 
ode will be less. Thus, no matter what the current from 
the cathode, even though it be thousands of amperes, 
the potential of the plasma will be subjected to very little 
change. 


MeErcurY-PooL RECTIFIER AND THE IGNITRON: In the 
mercury-pool or tank rectifier and in the ignitron, the 
cathode consists of a pool of mercury. Once ionization 
has taken place, the positive ion—drifting near the cath- 
ode—draws out the electron by the potential-gradient 
effect. In this manner, a plentiful supply of electrons is 
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assured at a potential drop between 15 and 20 volts. 
These, then, are the rectifiers which are used for the high 
currents required for resistance welding, railroad electii- 
fication and electrochemical processes. 

Before the ionization action can take place, however, 
the plasma must be established. In the tank rectifier, 
this is done mechanically and, in the ignitron, by the 
action of a small crystal dipping into the mercury. Fo 
most precise applications this crystal igniter is controlled 
by a hot-cathode thyratron. 

Gas-FILLED Tuses WirH Grins: Since the gas filling 
in the tube makes possible its use with low losses when 
conducting high currents, it is the one used for the usual 
applications requiring power such as driving motors or 
operating a solenoid. Unfortunately, however, these gas- 
filled tubes cannot be controlled by a grid in the same 
manner as are high-vacuum tubes. So a slightly different 
method of control must be obtained from the grids in 
the gas-filled tubes. 

Hor-CaTHopE THYRATRON: It is evident that the con 
ventional grid, inserted in the gas-filled tube in the plasma 
between cathode and anode, would have little effect on 
the erratic and random motion of the electrons and ions 
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Fig. 7—Above—Inverse-parallel ignitron connection, 
acting as alternating-current switch to control load such 
as resistance welder 


Fig. 8—Above—Elementary electronic timer circuit 


Fig. 9—Below—Photoelectric relay circuit combining half- 
wave rectifier and capacitor filter 


HALF WAVE FILTER PHOTOTUBE 
RECTIFIER DIVIDER AND 
& AMPLIFIER RESISTOR 
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0 volts § filling the space. When the grid is made negative be- 
he high | fore a positive potential is applied to the anode, it may 
electri. J prevent the flow of electrons as well as the formation of 
the plasma. But once the plasma has formed, the grid is 
owever, | powerless to stop the electron flow. 

ectifier, | Since the grids can only prevent the conduction through 
by the | the thyratron but cannot stop it once it has begun, a 
y. For] question may arise as to the usefulness of this type of 
ntrolled | tube. The answer lies in its use on alternating-current 
power. It will be remembered from the discussion on 
: filling rectifiers that, when alternating-current power is applied 
s whe | to the tubes, the anodes become positive half the time 
© usual | and negative the other half. During the interval that 
tors op | the anode is negative, no electrons flow and the positive 
se gas. | ions may recombine with the electrons or deionize, thus 
e same | permitting the grid to regain control. 
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Fig. 10—Above—Ex- 
ample of an electronic 
motor control system 






Fig. 11 — Left — Elec- 
tronic timer controls 
duration of heat pulse 
for resistance welder 
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Mhe electron flow cannot begin until the grid becomes 
Positive. Thus it can determine the point in the positive 
alf-cycle where conduction starts. By retarding the 
tid-firing angle to the desired point within this positive 
alf-cycle, the average current passed by the thyratron 
hay be controlled and, thus, the output to the load. 
“entical reasoning may be used concerning the action 
the igniter in the ignitron, to decrease the maximum 
burrent which may be passed by that tube. 


THYRATRON AND IcNITRON Circuit: Thyratrons and 
ignitrons may be used in the rectifier circuits discussed 
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Fig. 12—Above—Thyratron grid-phase control panel to 
contro] rate of heating during heat cycle of resistance 
welder 


previously, but with much higher efficiency for larger 
loads. In fact, multiphase ignitron rectifiers have be- 
come the basic means of obtaining direct current from al- 
ternating current in many industries. Thyratrons, so con- 
nected, supply variable power for control of direct- 
current motors and similar uses. 

Although electronic tubes are inherently rectifiers, two 
may be connected in an “inverse-parallel” circuit to permit 
passing both halves of the alternating-current wave. 
Thus they become an effective alternating-current switch 
which combines both high-speed switching action and 
throttling action. It is this type of circuit that is used 
to supply the precisely measured power for resistance 
welding, Fig. 7. 

MISCELLANEOUS ConTROL Circuits: Both thyratrons 
and vacuum tubes may be used in connection with the 
more conventional electrical components, such as capaci- 
tors and inductances, to produce a variety of functions. 

If the energy is stored in a capacitor and then per- 
mitted to be dissipated through a resistor, the capacitor 
potential will be reduced at a well-known and easily 
calculable rate. If this potential is applied to the grid 
of an electron tube, the anode current will be varied or 
the thyratron grid will reach the firing potential in a 
definite time. In this way an accurate and unvarying 
timing relay is developed, Fig. 8. 


Standard Electronic-Control Circuits 


By combining the tubes and control circuits discussed 
many practical applications may be developed. Some 
of these are discussed in the following: 


A PHOTOELECTRIC RELAY: To make a simple photo- 
electric relay, a rectifier is utilized to obtain direct current 
from alternating current. At the output end of the rec- 
tifier, a capacitor stores energy between the positive pulses 
of the alternating-current. Across this output is placed 
a series of resistors which act as a voltage divider to per- 
mit obtaining both anode and grid potential from the one 
direct-current source. 

Next, the necessary phototube is added to convert the 
change in light impulse into a change in electric current. 
Voltage drop across the phototube resistor is then applied 
to the grid of an amplifier tube in order to step up the 
signal sufficiently to operate a small contactor placed in 
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the amplifier-anode circuit. 

As a finishing touch, a rheostat may be added so that 
the amount of direct current normally applied to the grid 
may be varied to select the amount of light which must 
fall on the phototube before the grid is made sufficiently 
less negative to operate the contactor. For further re- 
finements, a small capacitor may be utilized between grid 
and plate of the amplifier tube to prevent operation on 
slight light flickers and another capacitor between the 
direct-current potential and ground to prevent action due 
to slight changes in the alternating-current power supply. 
This circuit is shown in Fig. 9. 


AN ELeEcTRONIC TrMER: In a similar manner, an elec- 


tronic timer may be built by combining the capacitor- 
resistor fundamental timing circuit with an amplifier and 
a contactor operated by the amplifier. 

Tuse ConTROL oF Motors: A motor control, Fig. 10, 
which will regulate the speed of the motor quite accu- 








Fig. 13—Above—lIgnitron contactor switches resistance 
welder power on and off 


rately can be made by a pair of rectifiers, one or both 
of which may be controllable, to supply the motor arma- 
ture and field of a direct-current motor. Then an indica- 
tion of the motor speed may be obtained either by utiliz- 
ing a tachometer-generator to produce a voltage propor- 
tional to speed or taking the back-induced voltage from 
the motor. This is compared to a reference voltage, and 
the difference is amplified and applied to the control of 
the armature or field to hold the motor speed constant. 
If desired, other circuits may be added which operate 
from the motor current to limit this current to a safe value 
for motor and tube in spite of the demand for speed. To 
compensate for the resistance of the motor armature a 
control can be added, obtaining a flat compounding which 
is superior to that from a direct-current compound motor. 

RESISTANCE WELDING: Satisfactory welding of mate- 
rials such as stainless steel and aluminum is made possible 
only by the precise timing and heat control of electronic 
devices. Stainless must be melted at the junction point 
but must heat and cool through the critical temperature 
quickly to prevent loss of stainless properties. Aluminum, 
is a very good conductor of both heat and electricity, but 
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is so soft that a little too much heat will quickly rujip 
the weld. 

To obtain the most effective control, an electronig 
timer, Fig. 11 is employed. If a seam welder whi 
produces a series of pulses rather than a single hot spot js 
being controlled two timers are utilized. One controls 
the heating period and the other the cooling period be. 
tween heat pulses. Then a heat control may be added 
to determine tiie phase angle at which the control thyr- 
tron and ignitron will fire to produce the desired amount 
of heat at each pulse, Fig. 12. Finally, the large ignitrons 
themselves are used to pass the actual power current re. 
quired by the welder, Fig. 13. These large tubes are 
capable of handling tens of thousands of amperes for the 
short time required to make the weld. They are cooled 
by a flow of water which circulates in their double shells, 

Other types of welders use rectifiers to store up energy 
in a large bank of capacitors, or in an inductance, and 
then discharge this energy suddenly into the weld. They 
are thus able to supply a large amount of energy in a 
very short time by storing energy from the power line 
over a period of time, rather than demanding it all at 


+ 


once from the electrical supply. rt 


Wrapper Utilizes Phototube 


PHOTOELECTRIC REGISTER ContRoB: Circuits thus fa 
discussed are more or less self-contained electronic equip- 
ments operating a particular device. In the case of the 
photoelectric register control, that is, the registering of 
printing with some mechanical operation such as cutting 
or folding printed paper, there is much more freedom of 
engineering allowed in the over-all application. For in- 
stance, for the simplest type, say that of a candy-wrapping 
machine where the paper moves slowly and may be 
stopped each time that a bar is to be wrapped, an index 
mark may be printed along the edge of the sheet. When 
the mark intercepts the light to the phototube, the paper 
will be stopped in order that the required operation may 
take place before the paper is again moved forward. 

On the other hand, when the paper moves somewhat 
more rapidly, it may be drawn forward slightly too much 
and then, when the register mark reaches the limit of the 
permitted tolerance (as determined by the position of a 
contact geared to the knife), the paper may be moved 
back by a notching action and then permitted to creep 
forward again. 

As speed is increased, it becomes necessary to control 
the speed of the web accurately so that it wil] always 
be cut near the proper point. This can be done com- 
pletely by electronic means, all the way from the photo- 
tube to the thyratrons that supply power to the correcting 
motor driving a differential to synchronize exactly the 
speed of the web and cutter. For most precise action 
at high speeds, a combination of phototubes and a slotted 
disk may be used to indicate the position of the knife. 





DIRECT-CURRENT fans for the Navy have been 
developed by Westinghouse which use 34 per cent less 
steel, 80 per cent less copper, 80 per cent less brass and 
50 per cent less nickel alloy resistance wire than previous 
designs. Through reduction in weight these savings 
greatly simplify shockproof mountings. 
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Dont Overlook International Markets 
in New Designs 


ITH the prospects of international trade after the war beginning to 
W occurs the thoughts of some of the keenest minds in Washington, 

the day is not far distant when chief engineers and designers will turn 
their thoughts.and plans in the samé direction. Even though the domestic 
market will remain the primary consideration, far more export trade is 
likely to be established when the conflict is over than ever has been enjoyed 
by this country in the past 


Reasons for this include such factors as the potential abundance of 
merchant shipping; destruction of manufacturing facilities in war-hit 
countries; need for importation of raw materials to replenish the ‘‘stockpiles"' 
here—with corresponding payments by us in manufactured goods; greatly 
increased knowledge of world customs and potential markets; desirability 


of reconstruction in all countries. . 


Foreign purchasing commissions, set up primarily from a military 
standpoint, are said to be establishing connections over here with respect _ 
to the needs of their respective countries following the war. ‘Among such t~ t 
needs unquestionably will be production equipment, business and domestic 
machines, turbogenerators, planes, cars, and innumerable other types of 
mechanical, electrical and automotive equipment, with which many of 
these countries have had increased experience during the past few years. 


What are the implications as far as design of machines is concerned? 
It seems that in all those cases in which manufacturers might be in position 
to capture scme of this projected export trade, the design of their machines 
should be sufficiently flexible to command not only a market here but also 
to create foreign sales outlets. By the increased. production necessary it 
would be possible to keep down costs, or—to use an old but timely slogan— 
“produce more goods at lower prices’. 


- 


It would be well for design departments and sales departments to work 
intimately hand-in-hand as the end of the war comes nearer. There probably 
never has been a period when design could benefit as much from knowledge 
of market requirements or when sales staffs could handle to greater ad- 
vantage the best their companies’ designers could produce. 
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Left—Two saucer-shaped abra- 
sive wheels working under 
low pressure are employed on 
Maag gear grinder. Machine 
performs without coolant and 
incorporates built-in automatic 
compensating device 
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Right — Unique rotary valve 
makes possible flexible and 
sensitive control of Anderson 
hydraulic straightening press. 
Pressure for straightening work 


is regulated over a wide no- 

step range by conveniently lo- 

cated lever shown at right- 
hand side of knee hole 
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Left—Reciprocation of work fixture 
spindle of Snyder hydraulic miller 
is effected by two plunger cylinders 
through rack and pinion, while rota- 
tion of the spindle is through a cam 
mounted on one of the plungers. 
Tool spindles are equivalent of heat- 
treated SAE 6145 as are all gears. 
Wormwheels are hard bronze 























Bof two work-drive motors 
sla synchronized on Landis 
min grinder. Transverse 
oth work heads is effected 
md pinion. Flood lubrica- 
dfor work-spindle bearings 





















on structural steel base, {iene idron rotary 
disk mill has cast-iron shell and Bearing pedestals. 


Hinged head shell is fitted with tramming plugs for 
grinding plate alignment 


Left—Insulation of Frostrode coolant cooler is bulk 
glass wool held in place by rigid spun glass asphalt- 
coated board. Compressor, housing, crankcase, pis- 


; tons, ting rods and main bear- 
ches Behind ie = ae 
Compressor valves are Swedish steel 

fi Guns 


and crankshaft is die-forged steel 
(For listings, see page 222) 














Below — Using a counterweighted 
saw arm, the Loma hydraulic cold 
saw employs a mono-acting oil cyl- 
*  inder for effecting feed. Hydraulic 
— ¥clamp holds work in place and chips 

are removed by mechanically oper- 
wor. Shafts and gears are SAE 4340 steel; 
mi-steel. Hydraulic pumpis vane type 
























Left — Utilizing centrifugal variable- 
speed type governor, the Oliver in- 
dustrial tractor employs pressure 
lubrication’ for main, camshaft, con- 
necting rod, rocker arm and governor 
shaft bearings. Using four. rings per 
piston and renewable nickel-iron 
cylinder sleeves, its main bearings 
are bronze-back babbitt-lined type 

















Powder Metal Proves Economical 


POWDER METALLURGY is: believed by many to be 
economical only if large quantities are involved in a mass 
production set-up. This is an erroneous assumption; many 
quality parts are being produced from metal powders 
although the quantities are small. Two examples illustrate 
this point. In one case 200 parts were required per month. 
The manufacturer set up for production from metal powder 
with a reduction in cost sufficient to make the innovation 
pay in a few months. In the second case, a single order 
for 20,000 parts permitted their production with a saving 
of 2 to 3 dollars per part. In both cases the parts weighed 
but a few ounces apiece. 


Designing for Mass Production 


WHEN engineers started to tool up new plants for mass 
production of aircraft engines, they realized that the pos- 
sibilities for innovations in manufacturing practice were vir- 
tually limitless. Radial engines like those built by Wright 
and Pratt & Whitney hitherto had never been built in vol- 
ume such as automobile manufacturers understood the 
word, and there had never been any particular pressure 
on costs or production time. Tougher steels, wider use of 
aluminum and magnesium, closer fits, and vastly greater 
overall finishing of component parts, however, make air- 
craft engine building a specialized technique. 

Nevertheless, machine designers and tool engineers 
have worked out scores of machining improvements which 
have lowered costs, speeded production and at the same 
time maintained precision and quality. Here is a round-up 
of a few of these ideas, culled from various new plants 
building radial engines: 

A Buffalo plant makes extensive use of Cincinnati 
Hydrotel profiling machines on such jobs as contouring 
connecting rods. Four spindles work on as many rods 
simultaneously, their travel in a horizontal plane auto- 
matically controlled by a fifth spindle carrying a guide pin 
traveling inside a templet formed to the shape of the rod. 

A new and unusual design recently was worked out for 
a machine to mill angular valve clearance holes in the tops 
of aluminum pistons. This was formerly done by a single- 
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spindle vertical miller, but in the new design a three- 
spindle unit was developed, with the spindles advancing 
to the cut after the piston is chucked in the machine. 

An interesting improvement in tool design has grown 
out of difficulties involved in machining cooling fins on 
the insides of aluminum pistons. High-speed steel finning 
cutters were tried first, nine individual cutters being 
“stacked” up on each of two tools, each being keyed to 
the spindle. Occasional breakage through the keyway 
proved troublesome and costly, since each of the 18 cutter 
disks cost around $10, or $180 for the two complete tools. 
A change was worked out to use mild steel cutters 
blanked out of cold-rolled steel stock—the cutting points 
being tipped with a cast, high-speed steel containing boron 
and applied in the form of welding rod. They can be pro- 
duced at a cost of $1.50 each, or $27 for the two complete 
tools. With the softer center, breakage is reduced and 
machining qualities are equal to the high-speed steel 
cutters. 

Finish grinding of one piston design is complicated by 
the fact the piston has five different diameters across 
its face, plus a slight taper next to the ring grooves. Varia- 
tion from maximum to minimum diameter is only .01-inch 
and the finish grinding originally was done by properly 
orienting the piston against a narrow grinding wheel. 
Now a special grinding wheel has been designed which 
is the same width as the piston and which can be dressed to 
the exact contour of the piston wall. Grinding machines 
are equipped with dressers which by means of suitable 
templets check the wheel contour regularly and keep 
it within limits. 


Reduction in Vibration Needed 


ALTHOUGH MUCH ADVANCE has been made in rail- 
way passenger car design, considerable development re- 
mains to be effected. According to one railway executive 
the most important thing needed at this time is improve- 


-ment in design of car trucks so as to reduce the effect of 


vibration of the wheels as they travel over rails. This 
constitutes a problem worthy of the best attention of the 
design engineer. Light nonferrous metals have made head- 
way in passenger car construction but for freight car 
construction, apart possibly from certain lines such as 
special-purpose tank cars and the like, nothing is in sight 
to stay the strong trend toward greater use of high-tensile, 
low-alloy steels. 
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Single Line Nomogram 


Aids Spring Design 


By Carl P. Nachod 


Nachod & United States Signal Co. Inc. 


N ARRIVING at the best proportions of a helical 
spring for a particular job, several preliminary ap- 
proximations usually must be made. The single line 

nomographic chart on Page 150 greatly facilitates such 
calculations and offers distinct advantages over other 
methods, particularly in the speed with which results may 
be obtained. Although ordinarily there is required a 
duplication of scales and of computing secants for nomo- 
graphic representations involving more than three vari- 
ables, the chart presented requires only a single comput- 
ing secant cutting across the scales of all five variables. 

Following are the standard round-wire helical spring 

equations on which the chart is based: 





= > SIRE Ce SRE oe Ne ae ee Toe Re NP Sn (1) 
SD? 

i F cpiie ete head ath kes AR my aie ee eee a ae (2) 

cn to ES oh Fea piece eal ana con Mean ote (3) 


in which P is the load, pwwnds, to produce a deflection 
per turn of § inches, d is the wire diameter and D the 
mean spring diameter, both in inches, S is the fiber stress 
in pounds per square inch, not corrected for coiling, G is 
the shear modulus in pounds per square inch, and c is the 
spring index. 

As has been shown by A. M. Wahl, the actual working 
stress S,, is greater than the S computed from the fore- 
going equations due to the curvature of the wire in the 
helix, or 


where K, the Wahl factor, is a function of the spring index 
c which may be written 


615 (5) 





4c—1 
K= n 
4c—4 °° ¢ 


An approximation for K derived by the writer is given by 
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the following equation: 


c+1 
ray Wee 





In constructing the chart the necessary reduction in the 
number of variables is effected by taking S—60,000 
pounds per square inch and G=11.5X 10® pounds per 
square inch (the value for steel). Because load and de- 
flection are directly proportional to stress, it is a simple 
matter to adjust the results for working stresses other than 
those for which the chart was constructed. Substitution 
of these numerical values in Equations 1 and 2 results in 
the following equation which, together with Equations 4 
and 5, form the basis of the chart: 


23,600.d* 
aa i is sc een Sek ves kdicladbueene 
P (7) 
BE ac hc So cb ke whos kaweh daw cswatord beeen (8) 
BE cinco Ook aban bau tows eee (9) 


It will be noted that there are five variables in Equations 
7, 8 and 9, with D and d common to all three equations. 
These five variables are represented by the five scales on 
the chart, while Equations 4 and 5 are incorporated in 
the stress values which appear alongside the spring index 
scale at the extreme left of the chart. 

The aligning secant shown on the chart indicates that a 
helical stee] round-wire compression spring of .l-inch di- 
ameter wire wound to one-inch mean diameter will com- 
press .164-inch per turn with a load of 23.6 pounds. Al- 
though the uncorrected fiber stress is 60,000 pounds per 
square inch, the actual fiber stress due to the coiling is 
68,700 pounds per square inch. 

Design of a spring for a particular stress and for speci- 
fied load and deflection is readily performed as shown in 
the following example. Let it be required to design a 
spring for 50,000 pounds per square inch maximum fiber 


stress at a load of 120 pounds with a spring index of 8 and 


a gradient of 50 pounds per inch deflection. From the 
chart the corrected stress for c—=8 is 70,800 pounds per 
square inch. Hence the stress ratio is 50,000/70,800= 
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4.706. The corresponding load on the chart is therefore 
120/.706=170 pounds. A straight line on the chart con- 
mecting P—170 and c=8 gives d=.24-inch, D—1.92 
inches and §=.252-inch. The actual deflection per turn 
is therefore .252 & .706—.178-inch. In effect this is like 
taking a stronger spring from the chart and compressing it 
less for the application. For 50 pounds per inch gradient 


ENGINEERING DATA SHEET 


the number of active turns is 170/(15 X& .252) = 13.5. 

It should be noted that this chart is subject to the limita- 
tions of the equations from which it was constructed. Thus, 
values are accurate provided the initial pitch angle is less 
than ten degrees and the deflection per turn is less than 
one-fourth of the mean diameter. 


How the Single-Line Nomogram Is Constructed 


HE nomographic chart in this Data Sheet illustrates 

a method of combining several 3-parallel-line nomo- 

‘grams having some common variables, so that a single 

line or computing secant across all the scales will solve 

the several equations they represent, without the usual 

duplication of scales. 

It will be noted that the three helical spring equations 

(7, 8 and 9 on Page 149) contain 5 variables with D and 

' din common. As a first step, ignore the constants and 
' solve for a single variable: 


(10) 
D=s2dqi2 . (11) 


D=cd.... ; ; . (12) 


In this form the scale for the single variable will be be- 

' tween the other two, and each scale will be logarithmical- 

ly graduated increasing upward. The bases will be 
marked 1 and the tops 10. 


Proportioning the Scales 


In the accompanying figure take, say, 6 inches as mod- 
ulus (length for one cycle such as 1 to 10, 10 to 100, etc.) 
' for scales D and P, laying off their parallel scales, say, 4 
inches apart for Equation 10. Draw diagonals from D6 
| to PO and P6 to DO, from the top of one scale to the bot- 
| tom of the other. Their intersection gives 3 inches as 
' modulus of d and its location midway. However, since d 
| is cubed its modulus is to be multiplied by 3, making it 9 
' inches, and its top is marked 10. 
» With D and d determined, find the § scale from Equa- 
' tion 11 in a similar manner by drawing diagonals from 
d18 through D6 to 8, and dO through D6 to 89, which 
' would give 9 inches as modulus for 8, and place it one 
inch to left of D. Since § and d are square roots, mod- 
ulus of d would have to be 18 inches. Taking half of 
each makes modulus of § equal to 4%, leaving D and d 
' equal to 6 and 9 inches, as before. Similarly, by drawing 
diagonals d9 through D6 to c, and d1 through D6 to c18 
it is found, using Equation 12, that c is 3 inches to left 
of § and its modulus is 18. 


Locating the Scales Vertically 


Effect of the constants, which were omitted in Equa- 
| tions 10, 11 and 12, is to slide the scales vertically. Sub- 
| stitute in Equations 7, 8 and 9, say, D=1 and d=.1, 
| then c—10, P=23.6 pounds and §=.164-inch. These 
' will lie in the same straight line across all the scales and 
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thus determine a point on each for the graduations, as 
shown on the actual chart. 

Opposite the values of c those of S,, or 60,000 K, the 
actual stresses, are marked, values of K being determined 
from Equation 5. 








ns 


of Engineering Parts, Materials and Processes 


Aids Gun Turret Control 


ROVIDING accuracy and high speed 

of response over a wide range, the 

amplidyne control enables the gunner 
in an aircrafi turret, right, to maneuver his 
guns against terrific wind resistance as 
easily as he would sight a rifle on a target 
range. Because of its simple construction 
the amplidyne is proving less vulnerable to 
bomb impact and shell splinters than other 
control methods while its operation is not 
impaired by severe atmospheric conditions 
at high altitudes. 


Cast Crankshafts Developed 


EPLACING a forged shaft of .45 per 

cent carbon steel in a 900-revolutions 
per minute Cooper- 
Bessemer diesel en- 
gine, the cast crank- 
shaft shown at right is 
7 feet 8 inches long. 
Made of Meehanite, 
stress relieved but not 
heat treated, the shaft 
was tested in an en- 
gine operated at 900 
pounds per square inch 
peak pressure for 20,000,000 revolutions, 
then at 1000 pounds per square inch peak 
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pressure for a further 20,000,000 revolutions without sign of failure. 
Pin and journal diameters and crank web thicknesses are iden- 


tical with those of the forged shaft. However, as much as two-thirds 
of the weight of the steel ingot from which the forged shaft was made 
was removed in machining. Using castings, much of this scrapping 
of material of course is avoided with corresponding savings in man 
and machine hours. ' 


Building-In a Transmission Mechanism 


ITHERTO furnished only as a completely housed unit, the Link- 

Belt P.I.V. gear shown at left is an integral part of a vertical 

drill press, the bare mechanism being built into the machine housing. 

With only three sets of change gears, an infinite number of spindle 

speeds from 56 to 3600 revolutions per minute is obtainable. Con- 

trol shaft of the variable speed unit extends just outside the machine 

housing for mounting the operating lever. A speed indicator plate 

attached to the front of the gear head is provided with three rows of 

markings corresponding to the speeds obtained by the combination of 
the P.I.V. gear and the three change gear sets. 
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Magnesium Alloys 


ASTM No. B107-41T, grades 8, 8X, 9, 9X, 18, 18X 
B90-41T, grades 8X, 18, 18X 
B91-41T, grades 8X, 9X 







































AVAILABLE IN: B107-41T, gr 8, 8X, 9, 9X, 18, 18X.. . Extruded bar, rod and shapes 
B90-41T gr. 8X, 18, 18X ........ eee err ee Sheet and Plate 
I voi sti nnwa imi oe es Owns sheen Press forgings 


Same compositions, not covered by ASTM numbers, are also 
available in tubing. 


Aluminum Zine Manganese 
ANALYSES: Grades 8, 8X 6.5 1 2 
Grades 9, 9X 8.5 B 2 
Grades 18, 18X 3 1 2 


Note: Balance is magnesium plus normal impurities. Suffix 
“X” denotes high purity alloy for improved corrosion 
resistance. 











s PROPERTIES 
A (apply also to grades 8X, 9X and 18X) 
ULTIMATE TENSILE STRENGTH ELONGATION 
(1000 psi) (per cent in 2 inches) 
—Grades— —Grades— 
8 9 1 8 9 18 
Extruded rod and bar (typical)................ 44 47 40 Extruded rod and bar (typical)................ Ib is W 
ee eee 40 48 387 ee mr 12 9 12 
3 Extruded rod and bar, aged (typical).......... — se Extruded rod and bar, aged (typical).......... Ss 
Extruded shapes (typical).................... 44 46 89 Extruded shapes (typical).................... 14 12 15 
nd eo eee 88 42 85 id ch chan niae ns oS -3' ia 
im Sheet and plate, annealed (typical)............ 42 .. 88 Sheet and plate, annealed (typical)............ 10 .. 18 
eb (minimum)... ......... Sy... Se (minimum). ........5.. 8. 12 
hard rolled (typical)............ 50 .. 4 hard rolled (typical)............ e7: 10 
CS) 40 .. 38 (minimum)............ 3 ; ae 
- Extruded tubing (typical).................... 40 .. 35 Extruded tubing (typical).................... oe .. 11 
: i ial eg aan o-4-a are s6 .. $2 (minimum)........ aay ee eet ae ee 
en- Extruded tubing, aged (typical)............... a Extruded tubing, aged (typical).............. 5 
rds cao a ahd ebacalti .. $9 rer cede 
ii FOLLETT OE 42 45 . i Ss cyesh testes teketes 8 6 
ng rae ae pee Bre ee ee 88 42 . Se ene S s&s 
in 
an one here — COMPRESSIVE YIELD STRENGTH 
1000 psi 1000 psi—typical values ) 
—Grades— ( - - —Grades— 
Extruded rod and bar NN 5 2 isda: Ses 82 85 380 Extruded rod. bar and shapes 90.522 20 
a 26 29 25 E ; oe oe 
. xtruded rod, bar and shapes, aged............ ee io 
Extruded rod and bar, aged (typical).......... ee =e 17 16 
E : Sheet and plate, annealed..................-.. “: 
k xtruded shapes (typical).................... 80 32 28 iced soiled 99 33 
; 1 Sh ES ecereane cnneatee 23 27 22 ‘er Rees ee sey t 
a eet and plate, annealed (typical)............ 3. :.. & 
2. hard rolled (typical)............ 35 34 SHEAR STRENGTH 
hard rolled (minimum)............ 32... 2 (1000 psi—typical values) 
lle Extruded tubing (typical).................... 19 .. 22 —Grades—— 
n- (minimum). . see eee eeeeeeees 17 . 8 9 18 
ne ) Extruded _ tubing, i Settee eee e ee ~ Extruded rod, bar and shapes... 205 215 19 
te MIN sis rnp hedg sense eins 26 30 . picnic << SE CRE 
of cle d ok owas Vind pied Kap es = 2 .: Si es dc 046s ee den age 21 29 
of *Stress at which material exhibits a permanent set of .2 per MaAcuine Desicn is pleased to acknowledge the collaboration of 
cent. American Magnesium Corporation in this presentation. 
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FATIGUE ENDURANCE LIMIT 
(1000 psi—typical values ) 














Grades—— 

8 9 18 

Extruded rod, bar and shapes ........ 17 17.5 15 

Sheet and plate, annealed ........... 3s (t.. 11 
hard rolled ........ a - 11.5 

NS Los a laser Si tia at bial asc a ng as 16 17 * 

BRINELL HARDNESS 
Grades—— 
8 9 18 
Extruded rod, bar and shapes ...... aes 55 60 50 
Sheet and plate, annealed ............. 56 54 
hard rolled ......... 74 y 
I cc cs ss tw ke wooo ae 55 . 50 
Extruded tubing, aged .......... hia oe 60 ot 
Forgings .. Peg oe 55 60 
OTHER PROPERTIES 
(applying to all forms) 
——Grades 

8 9 18 
Seecilic Ceavily ...........6..05.. 1.80 1.81 1.79 
Weight, (Ib per cu in) ........... 065 .0653 .0646 
Melting Point, (deg. F.) ............ 1150 1110 1180 


Thermal Conductivity 
(g-cal/sq-cm/sec/deg.C/cm) 
(100 to 300 deg. C.) 


Electrical Conductivity (% of Interna- 


re 19 18 .23 





tional Annealed Copper Std.).... 12.3 10.8 17.2 
Modulus of Elasticity, (psi) . . — 6,500,000 
ee — .34 


Mean Coef, of Thermal Expansion, 
(68 to 212 deg. F.) ...... —about .0000145 per deg. F. 


Mean Specific Heat 
(68 to 212 deg. F.) ......... —about .249 cal/g/deg. C. 


Bearing Strength may be taken as 1.6 times the tensile strength, 
provided the edge distance, in the direction of stressing, is not 
less than twice the diameter of the hole. 


BEND RADII FOR SHEETS 


Minimum recommended radii for 90-degree bend in terms 
of sheet thickness (t) are given below and apply to sheets 
ranging from .04 to .072-inch thick. 


Working Temperature————— 


Grade 70 deg. F. 400 deg. F. 600 deg. F. 
8 (soft sheet) ....  5t st 2t 
8 (hard sheet) ....10to 15t 5t 8t 
18 (soft sheet) .... 4t 8t St 
18 (hard sheet) . 8to 12t S¥at 2t 


APPLICATIONS 


For extremely lightweight moderately stressed structural 
parts, the extruded forms of these alloys are used to con- 
siderable advantage. Such parts as aircraft conduit, special 
aircraft frame sections, parts of bobbins and sectional warp 
beams used in the textile industry and typewriter platens 
are made of magnesium tubing. In the form of sheets, these 
alloys are employed for parts such as ball bearing retainers, 
cover plates, spacers, containers, engine cowlings, bus and 
truck roofs and side panels, pattern plates, etc. 
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In general, among magnesium aviation parts are oil drain 
sumps, crankcase blower sections, supercharger housings, ip- 
termediate crankcases, diffuser-impeller covers, ducts, instru. 
ment panels and housings, floor I-beams, landing wheels, 
engine housings, oil tanks, doors, automatic pilot parts, wing 
tips; seats, pedals and control columns. 

In the prewar period magnesium was used in vacuum 
cleaners, sewing machines, hand tools, ventilating fans, pump 
bases, camera parts, goggle frames, portable conveyors and 
chutes, and core boxes for foundries. 


CHARACTERISTICS 


Magnesium is the lightest of the structural metals, has a 
high strength-weight ratio and is adaptable to modern proc. 
esses of fabrication such as extruding, die casting, fusion and 
resistance welding, etc. It has excellent machining properties, 
Where parts are subjected to abrasive wear, the surfaces af- 
fected should be protected by a harder metal, leather, fiber, 
rubber, etc., depending on the nature of the application, 
For maximum corrosion resistance, suitable protective coat- 
ings must be utilized. Magnesium should not be used in 
direct contact with such metals as tin, copper, brass, bronze, 
monel, cast iron or steel in the presence of moisture, as the 
galvanic couple resulting will accelerate corrosion of the 
magnesium. 


FABRICATION 


MACHINABILITY: 


All of the magnesium alloys have excellent machining 
properties. Especially suitable for screw machine work are 
grades 8 and 18, covered by this work sheet. Magnesium 
machining requires one-half to two-thirds the power needed 
for cutting aluminum alloys or brass, one-third that for cast 
iron and one-sixth that for steel. Tool cutting edges should 
be kept sharp and tool faces highly polished. ‘Tool clear- 
ances are large and relatively fast speeds and feeds are 
utilized. Parts to be machined are firmly clamped and, 
where excessive heating is present, a coolant is utilized. To 
prevent failure of parts due to stress concentrations, sharp 
inside corners should be scrupulously avoided and generously 
rounded corners used instead. To guard against fires, accu- 
mulation of chips around the cutting machine is not permitted. 


FORMING: 


Magnesium alloys have less favorable forming properties 
than metals such as iron, copper and aluminum. They work 
harden rapidly when formed at room temperature, hence theif 
cold-working possibilities are limited. However, by heating 
them to between 400 and 700 degrees Fahr., their work- 
ability is greatly improved. They should be formed slowly 
and, in designing forming tools, the relatively high spring- 


back of magnesium alloys must be taken into account. Lub- 
ricants are employed for drawing operations. 
BLANKING AND SHEARING: 

These operations require close tool clearances. Tool and 


die diameter clearance of .003-inch has been found satis- 
factory in most cases. Stock over about 1/16-inch thick has 
a tendency to shear with a flaky and rough surface. Use of 
hold-down pressures and, where feasible, heating of the stock 
to about 500 degrees Fahr. will improve this condition. 
Plate is sheared cold up to %-inch thickness and sawed when 
heavier. Where an extremely smooth cut is required the 
plate is sheared and shaved. 
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RIVETING: 


Magnesium alloys are not used in the form of rivets. Rivets 
of aluminum alloys with little or no tendency to cause galvanic 
corrosion of magnesium are preferred. Aluminum alloy 56S 
in the quarter-hard temper is usually specified for such rivets 
and requires no heat treatment and quenching prior to 
driving. 

When using a large rivet in thin sheet, the maximum rivet 
diameter for 56S alloy is three times the sheet thickness. For 
9S alloy, 6 times the sheet thickness. When using a small 
rivet in a thick sheet, the minimum rivet diameter is equal to 
the thickness of the thickest plate. Minimum distance between 
rivet centers should be three times the rivet diameter. Mini- 
mum distance from edge of sheet to center of rivet should 
be two times the rivet diameter. 

Rivet holes should be drilled or subpunched and reamed, 
not punched, and there should be about .015 to .03-inch 
clearance between hole and rivet shank diameter. Insulation 
of the rivet from the magnesium structure by zinc chromate 
primer is recommended to prevent possible corrosion. 


FASTENING WITH SCREWS: 


Coarse-threaded screws with flat or rounded: thread tops 
such as the American National Coarse Series or the British 
Standard Whitworth are preferred over the finer thread types. 
Thread length in the magnesium part should be two to three 
times the diameter of the screw. To minimize stress con- 
centrations at the roots of threads, threaded-in or cast-in in- 
serts of steel or another wear-resisting metal are recom- 
mended. To ensure most favorable stress distribution, screws 
should be more closely spaced than in similar assemblies using 
ferrous alloys. To hold galvanic corrosion at a minimum, 
steel screws should be either galvanized or cadmium plated. 
Under vigorous corroding conditions, screws should be dipped 
in zinc chromate primer or a joint-sealing compound. Wash- 
ers aid to distribute stress and should be about 1/3 the hole 
diameter in thickness, 2% to 3 times the hole size in diam- 
eter. Steel washers, cadmium plated or galvanized, or 56S 
aluminum alloy are recommended. 


TORCH WELDING: 


Grade 18 has good torch welding properties, grade 8 is fair 
in this respect and grade 9 is poor. It is possible, to a 
limited extent, to torch weld different magnesium alloys to 
each other providing the difference in alloying percentage 
is small. Cast and wrought alloys can be torch welded 
together most successfully when their compositions are iden- 
tical However, it is not yet possible to weld magnesium to 
other metals. Butt-welded joints are most suitable; lap 
welds and other types, not permitting thorough removal of 
the welding flux, should be avoided because of the danger 
of corrosion. Oxyacetylene flame and special welding flux 
are recommended. 


ELECTRIC SPOT WELDING: 


Magnesium alloys lend themselves well to spot welding. 
Different alloys can be spot welded to each other, but can- 
not be spot welded to other metals. Sections to be welded 
should be of nearly the same thickness, but if this is not 
Possible, the thicker section should preferably be not more 
than twice as thick as the thinner section. Distance between 
the spots should be at least eight times and preferably sixteen 
times the sheet thickness (minimum %-inch and %-inch re- 
spectively), Distance of spots from the edge of the sheet 
Should be at least four times and preferably six times the 
sheet thickness (minimum 3/16-inch and 5/16-inch respec- 
tively). 
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ARC WELDING: 


Recently an arc-welding process, using a tungsten electrode 
surrounded by a shield of helium gas, has been developed for 
joining magnesium alloys. This process is applicable to a 
wide range of magnesium alloys and results in higher-strength 
joints than are possible by the torch-welding process. Be- 
cause it does not require a welding flux, the new process 
is not restricted to butt welds but may also be used for 
joining magnesium part by lap, fillet and edge welds. 


RESISTANCE TO CORROSION 


Commercially pure magnesium and many of its alloys re- 
sist the action of most outdoor atmospheres rather well, al- 
though some surface attack of the uniform-etching type oc- 
curs. However, unless moisture is trapped in crevices or low 
spots, no structurally serious corrosion will occur. Marine or 
seacoast locations are more corrosively active than inland 
locations and may cause severe attack. Unless it is known 
that the environment and conditions of service are not detri- 
mental to magnesium, it is advisable to protect the parts with 
a painting system which will withstand severe exposure con- 
ditions. 

Action of solutions of many alkaline materials, borates, 
fluorides, chromates, chromic acid and hydrofluoric acid is 
well resisted by magnesium alloys. Solutions of most other 
mineral acids and of the salts of these acids are definitely 
corrosive. 

A number of coatings, applied by chemical treatment and 
frequently supplemented by paint coats, are available for 
protecting the surfaces of magnesium alloy members against 
corrosive attack. They are, however, so numerous and varied, 
that any attempt to list and evaluate them in the limited 
space of this Work Sheet would be impractical. For specific 
data on such coatings a magnesium producer should be 
contacted. 


| GALVANIC CORROSION 


In most environments, magnesium has a higher electrolytic 
solution potential than the other structural metals. Joints of 
magnesium with most other metals, therefore, require pro- 
tective insulation under conditions conducive to galvanic 
corrosion, that is when moisture is present in the joint. Lack 
of such insulation will result in severe corrosion adjacent 
to the dissimilar metal. The severity of galvanic corrosion 
resulting from couple with various dissimilar metals is listed 
below. “1” indicates a minimum and “5” indicates a maxi- 
mum of attack on the magnesium member. 


Rating Dissimilar Alloys 

1 214, 220, 52S, 53S, 56S aluminum alloys 
43, 356, 2S, 3S aluminum alloys 
112, 195, 355, 17S, 24S aluminum alloys; galvanized 
mild steel, phosphate-coated mild steel, cadmium- 
plated brass 60-40 
4 Cr-Mo (SAE X-4130) steel, cadmium-plated steel, 


stainless steel 18-8; copper, tin bronze, aluminum- 
bronze, brass 60-40, monel, cast zinc-base alloy 


(8Cu, 5Al). 


Cast iron, cold-rolled mild steel, cadmium-plated 
mild steel. 


eo wo 
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GALVANIC CORROSION cont'd.) 





Insulating materials vary in efficiency and care should be 
used in their selection. Under conditions of outdoor exposure, 
a good method is the use of insulating layers of zinc chromate 
primer or of nondrying sealing compounds. In more severe 
cases, the use of these materials combined with gaskets is rec- 
ommended. About the best joint sealers commercially 
available at present are mixtures of zinc chromate, aluminum 
powder, inert filler, oils and thinner. 

Much can be done in the actual design of the part to 
make it less susceptible to corrosion. For example, pockets 
which can catch and retain water, or closed containers with- 
out ventilation where water may condense, are to be rigorous- 
ly avoided. Where such pockets must exist, provision for 
simple drainage should be made. 


DATA ON STOCK FORMS 


Extruded Rod and Bar 


ROUND, SQUARE, HEXAGONAL AND RECTANGULAR 


Magnesium round bar is an extruded round shape of %-inch diameter 
and larger. Square bar is an extruded shape of %-inch across flats 
or larger. Hexagonal bar is an extruded hexagonal ‘shape of 14-inch 
across flats or larger. Square edge rectangular bar is an extruded 
shape of rectangular cross section, the minimum size being %-inch 
by 3/16-inch. 


ROD AND BAR TOLERANCES 


Diameter or Tolerance 
Across Flats Plus or Minus 
(inches) (inches) 
Up to 0.500 ..... Oe aa Le Gene gee ee aT .007 
I I, 9 274 4. 25 G'sbc0.'0 5 0 0% bo'6i 60's 'e or3e o¥ be .010 
I 5.2 sols. scared new carans Sed erpiie wee oietevd weve eis .012 
os caie os ace icraigiieo 0966 ¥ oie do bce eipb uw ng .015 
SH, yn et ag odes es avo oralnarace danoreie .018 
or eran sel ai psi kn io lele- os: dibseminiarmisie .020 
I ol oie a Sioned: 4: pele Wel eee sare aed ane .022 
so ico 6.50.5) ainiseie o's: diaveireieiesteeciesiaisais .025 
Gh Da 5 ahah soso giinup fo! oierhevias Gs wi Wanted ae .030 
I og ie eee big ate eed ode coins Sholdicoa .035 
oS a aces Sel 6. esd ab s8 oie wiio Som 'cbe .040 
NG Ciena cig Ais. p bia g asararaceh auatarw die! dudulorae ee .045 


a a se Cs ira ara isc avlglies 6 nels ic exere. &@ 16s x .050 
Extruded Round Tubing 


Extra Heavy iron pipe sizes can be approximated in magucsium 
tubing in the following sizes: 








Extra Heavy Magnesium Tubing Magnesium 
iron pipe size oO. D. es Wall Weight 

(inches (inches) (inches) (inches) (Ib. per ft.) 

% 875 579 148 26 

% 1.063 .767 148 82 

1 1.313 .953 180 50 

1% 1.625 1,219 203 70 

1% 1.875 1.469 203 81 

2 2.875 2.043 220 1.16 

8 8.500 2.860 320 2.48 

4 4.500 3.860 820 8.23 

5 5.500 4.750 375 4.65 


Rolled Plate 
AVAILABLE SIZES 


Plate is available in widths up to 36 inches and lengths up to 144 inches, provided the weight per piece does not exceed 120 pounds. 


Rolled Plate 
COMMERCIAL TOLERANCES 


Thickness Size Range 
(inches) (inches) 
DY eos | ess 
SE ei teek Sy ei a he 
nn, ee a an Pre eee 
MLS oceans Say bhai All dimensions ........... 
IN 5 asiooci diane sesame te ) aera 
DSIRE ght = SS eee 
Pest arSaterd Over 86 to 180 ......... 
MD abl. > ioe 8 Be Diam. 5 to 18 .......... 


Diam. over 18 


§Minimum width—18 inches. 


156 


Applying Tolerance 
To (inches or %) 

adie sat Wabi whe dvicete Thickness ................... 24 5% of thickness 
Seiianddeheae ns Thickness ................... 4 4% of thickness 
siphon aehnes Thickness ................... %& 8% of thickness 
occ Sy NS MEDS 5 5S ae bcc caiewawa Plus % 
eee eee eee ee + dy 

Se ee ee +s 
eee, ON ee rae + ds 

rete I 5 NN ood a org aes Loe i ea ty 

ot ED? clove cscs DSS sal Sa oes oie See + 





Extruded Round Tubing 


COMMERCIAL WALL THICKNESS TOLERANCES 
The following tolerances represent maximum deviation of mean 
thickness from the nominal. Mean wall thickness is determined x 
the average of any two measurements taken at 180 degrees from eag 
other on any circumference of the tube. Individual readings my 
deviate from the mean by plus or minus ten per cent. 





Wall —_—_—_——— Outside Diameter (inches) —. 
Thickness Up to Over™% Over 1% Over3 Overs 
(inches) % to 1% to 3 to 5 to 7 
Vem mee ...... .007 .007 .007 ree ae 
GE 190 ...... .007 .008 011 015 é 
OO GE ccc .008 .009 .013 .018 025 
204 to 200 .....: nae 011 .017 .023 08] 
Pe et aaa eee .014 .023 .035 043 
876 to .500 ...... ‘ .018 .035 .047 055 


COMMERCIAL OUTSIDE DIAMETER TOLERANCES 
Round tubing is available in sizes from j%-inch to 7% inches out 
side diameter and in wall thicknesses from .022-inch upwards. Th 
following tolerances apply to the mean of two readings on the diameter 
taken at right angles to each other at any point along the length of 
the tube. Individual readings (for ovality) may deviate from the nom 
inal by an amount equal to twice the tolerances of this table: 


Nominal O. D. . Tolerance 
(inches) (inches) 
MII 2g coe vis nid ce b Oe 6 Wwe Cae SS een we euw Ree see 7 
tees I 2151.2 alas pistsansie sale sien aine eae eee ll 
ns ohn g dicimse aie seieele able eelee owes ee 015 
er ere rs re 018 
Snr err rrr rer err tae. 023 
TE os Sa eis seen sieiee wee eos ee eee ee .027 
IIMS o/s a akg @reielwiere auieeie eleva me ase eie .081 
eg br er er ec ar .037 
Rolled Sheet 
COMMERCIAL SIZES 
Thickness Maximum Size (inches) 
Grade (inches) Width 
UE Steen Beemer cr .016-.019 20 72 
.020-.039 24 
.040-.063 80 120 
.064 and heavier® 86 144 
OE. Basvanwctsnocetene -016-.019 20 72 
.020-.031 24 96 
.032-.039 80 144 
.040 and heavier® 86 144 


*In this range of thickness, the widths and lengths within the maxi- 
mums indicated can only be produced if the maximum weight of 4 
finished sheet is not more than 120 pounds. 

Sheet is obtainable in hard rolled_and annealed tempers up to and 
including .102-inch (10 gage) thick. From_.102 to .25-inch thick, sheet 
is available in the annealed and “as hot-rolled”’ condition. In thicknesses 
ome than .25-inch, sheet is available in the “as hot-rolled”’ condition 
only. 


MATERIAL DESIGNATIONS 


EXTRUDED ROD, BAR AND SHAPES me 
Navy Amer. Mg. - 


Army Air 
ASTM SAE AMS Forces Dept. Corp. 
B107-41T gr 8 520 ..... eR RAT CD Re M57S 
B107-41T gr 8X 520 43850 113835 M-314 AM-C57S J-l 
B107-41T gr 9 Be ste TRS. Gidarmtoetsnmen 58S 0 
I ceca cress, -dleiwaiat  “walaleen aang AM-C585S 0-1 
ct wink cis Séiede  . a@ivwed eve at AM52S FS 


ches AM-C52S_ FS-l 
SHEET AND PLATE 


B 90-41T gr 8X 511 ..... 11388 47-M- 2gr 8 AM-C57S J-l 
B 90-41T 510 oe 11840 47-M- 2gr18 AM-C52S FS-l 
TUBING 
Cae Te Kd Selec .-. «eee. 11882 44-T-35 gr 8 AM-C57S J-l 
FORGINGS 


11845A 46-M-18 gr 8 AM-C57S J-l 


91-41T gr 8X 531 43850 
9 11821A 46-M-13 gr 9 AM-C58S 0-1 


1-41T gr 9X 532 4360 


ow 
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BEARINGS 








Cast Bronze Bearings 
for Long Life 





























SLEEVE TYPE @ When you design your new product for tomorrow's 
™ Pd BEARINGS market it will pay you to investigate the advisability of 
j Co. Cast Bronze Bearings using CAST BRONZE bearings. 

S J ‘ -_ sd a : = ' 

57S jel P caeerhntenh wet You gain several distinct advantages in cast bronze. In 
0 Bronze and Babbitt Bearings the first place few bearings deliver the smooth, quiet, 

58S a eee ine NO efficient performance for so long a time as cast bronze. 

9S FS-l ledaloy! Properly designed and installed, they will usually outlast 

‘Beare precrey Seen g the motive unit in which they are used. The initial cost is 
78 i, Actomation Soong comparatively low, they are easy to get and easy to replace. 

wanna Datei It is not a difficult matter to build this kind of service into 

‘ your product. Simply call in a Johnson Sales Engineer. 

7S J- Any Type Permit him to review your applications, to make recom- 
7S Jel Any Size mendations based on facts, free from prejudice. Our more 
85 0-1 than thirty-five years of exclusive bearing experience plus 


Any Quantity the fact that we produce ALL types of sleeve bearings 
enables us to give you the correct answers to your bearing 
problems. There is a Johnson Sales Engineer as near as 


- your telephone . . . ready and willing to serve you. 


DISTRICT SALES OFFICES: Atlanta - Boston - Buffalo * Chicago + Cincinnati - Cleveland - Dallas 
Detroit - Kansas City - Los Angeles - Minneapolis - New York - Newark - Philadelphia - Pittsburgh 
St. Louis - San Francisco - Seattle 


JOHNSON @™® BRONZE 


SLEEVE BEARING scaninc § | HEADQUARTERS 


SERVICE 


525S. MILL STREET Wp NEW CASTLE, PA. 


“G¢ 
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PROFESSIONAL 
VIEWPOINTS 


To the Editor: 


I have followed with interest the articles by R. S. 
Elberty entitled “The Shape of Things To Come” which 
appeared in the August, September, October and Novem- 
ber issues of MACHINE DEsIGN. 

If these articles are available in pamphlet form, I would 
appreciate receiving three copies. 


—G. C. Wermncarnt, Development Engr. 
The Swartzbaugh Mfg. Co. 


This four-part series by Mr. Elberty is available in 
limited quantity in reprint form. Copies will be fur- 
nished to readers on request, with the compliments of 
MacuineE Desicn.—ED. 


. . . not losing cost consciousness’’ 
To the Editor: 


Your editorial in the September issue of Macuine De- 
SIGN certainly finds its’ echo in the experience of all open- 
minded and forward-looking executives in the engineer- 
ing field. While under present emergency war conditions 
the element of cost is put secondary to that of getting pro- 
duction quickly and in volume, the development of new 
devices for use in peacetime must be accomplished with a 
definite emphasis upon low cost manufacture. 

Under the most rosy kind of peacetime conditions we 
cannot expect the volume of wartime dollar production. 
This means more competition for the available market, 
which will go to those organizations that are not losing 
their production cost consciousness. 


—C. E. Scummer, Chief Engineer 
Hoist and Crane Div. 
Robbins & Myers Inc. 


**. . . calculating beam supports’’ 


To the Editor: 


Referring to the article “Supporting Continuous Beams”, 
by A. B. Cox, which appeared in your September issue, 
may I say that it discusses an interesting design problem 
which has been given very little attention in textbooks? 
The elasticity of continuous beam supports has been rec- 
ognized as a source of error in the calculation of bending 
moments. Some attempts have been made to remedy this 
condition in the case of certain aircraft structures by the 
use of approximation methods where the beam has a vari- 
able moment of inertia. 

The introduction of engine frame flexibility into the cal- 
culation of opposed piston crankshaft bending moments 
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. . . articles followed with interest’’ 


provides an example which has a convenient analytical 
solution. In this case the classical theorem of three mo- 
ments becomes a “theorem of five moments”, so that when 
the loads are central and all spans are of equal length: 


6EL 
Mn t4MntM nyit 3 LM s—4 Myr +6Mn—4M1+Mev) 


31 3EIf 
_ gy (Pat Post) sal P 








(Prso— Prii—PatPn-s). . 


which assumes a constant value of f at every support. This 
equation is simply an elaboration of the general theorem 
described in detail on pages 111-114 of Timoshenko’s 
Applied Elasticity: 





Py n 1,2— ne 
My-alnt+2M (ln tlns)+-M npilnu= ~ an( a ) 


Ln 
_ Pryibnis (Lny?—bn41?) + 6EI (Bn—Bnii) eee. (2) 


| ae 





where Bn= (hn—hn-«)/In, Bai= (hna—hn) Mnss. 
The symbols appearing in the equations designate the 
following quantities: 


n—1, n, n+1....=Number assigned to each support 
Mn+, Mn, Mnu= Bending moments at supports "—1, 9, 


n+l, ... 
haa, hn, hna= Vertical distances of the supports n—1, 9, 
n+1, ... from a horizontal datum line 
Pn, Pn ...= Concentrated loads 
In, Inn ...=Length of spans 
au-t-ba .. =n, etc. 


I=Moment of inertia of beam section 
assumed constant for all spans 

E= Modulus of elasticity, pounds per square 
inch 

f= Deflection of support per pound reaction 
force, assumed constant for all supports 


Some of these quantities are shown in Fig. 1. 
The generality of the method used to obtain Equation 





DATUM LINE - 
> | 
Re. 
= Bn hn Pret 
+ n+} 
Mne| —* i 7 




















————— an a Oe by oe Aan+! Dnei® 
—— Ln sat Deel Lns| 
nN-! n n+l 


Fig. 1—Loading on a continuous beam 
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THERE’S A JOB FOR 


(4 BY GUARDIAN 


* Wherever the rectifier type of tube is used, generally there’s a 
job for a relay ...a RELAY by GUARDIAN .. . in secondary 
and/or primary circuits where double pole, double throw “on 
and off’ switching is desirable. 

Typical of such a relay is the Guardian Type B-100. This dou- 
ble pole, double throw relay is equipped with silver contact 
points having a capacity up to 1500 watts, 60 cycle non-induc- 
tive A C.; and in A.C. primary circuits of any inductive power 
supply delivering up to and including 1 Kw. Standard coils 
operate on 50-60 cycle A.C., 110 volts, consuming approxi- 
mately 8% VA. Coils available for other voltages. Write for 
Bulletin OF-112 showing standard relay types. 








Electronic rectification, long used to convert 
A.C. to D.C. power, is now coming into use to 
operate variable speed D.C. motors . . . bat- 
tery chargers, etc. In such applications, the 
type B-100 relay shown above is often used. 


GUARDIAN ELECTRIC 


1601-P W. WALNUT STREET 


CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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How these Uniform Tube Walls 


anlelaeha= Teele lak 
ohare my el-1-1e ml aaelol allele 





Welded Stainless Tubing... with uniform 
walls ... was pioneered by Carpenter. And 
here are some of the ways in which 
Carpenter Welded Stainless Tubing can 
help you lick tough design or production 
problems: ¥ 


1. LIGHTER GAUGES can be used without sacri- 
ficing strength. 


2 EASIER BENDING, flanging, cutting, welding, 
etc. with uniform walls. 


3 NO “THIN SPOTS” to give corrosion or heat 
scale a foothold. 


4 WEIGHT IS SAVED by using less metal to sus- 
tain a given weight or pressure. 


5 MORE COMPACT ASSEMBLIES possible with strong 
and uniform walls in lighter gauges. 


Take advantage of Carpenter’s diversified experience 


with production-engineering problems involving the use - 


of tubing. Drop a line to our Metallurgical Department 
when you need technical data—or when you could use 
fabricating help. 


At Your Fingertips... 


Here is useful information to help you get the most 
from Carpenter Welded Stainless Tubing. A note on 
your company letterhead will bring you this data on 
physical properties, diameters and gauges, special shapes, 
Specialty tubing, etc. Ask for your free copy today. 





The Carpenter Steel Company 
Welded Alloy Tube Division e Kenilworth, N. J. 


Carpenter 


WELDED 
STAINLESS TUBING 
















1 is not limited to simple cases where I is constant, but 
the solution is facilitated when the loads are central and 
the spans are of equal length and moment of inertia. 

Fig. 2 shows the results of calculations made for a con- 
tinuous beam of four 12-inch spans with (1) f—=0, (2) 


1 = 40,000 in. Ib. 





















-1,190 


4,673 | -558 
i2"SPANS WITH CENTRAL LOADS 





Fig. 2—Continuous beam calculations 


I=0, and (3) f=l°/6EI. The equations for determin- 
ing the moments, obtained from Equation 1, are: 


Casé«L: 
3l 
M1—-4M,4+-Miy= ——g (Pat Past) 
Case 2: 
Mrir— 4M,434:3+6M,— 4Mi1+Mn_2 
l 
a “go (Pais Pai— Pat Pr) 
Case 3: 
M n42—3Mni+10M,—3Mnit+Mn. 
l 1 1 
sah i Ghcclar niece shai 


Each of the foregoing equations yields three equations by 
assigning to n the values 1, 2 and 3. 

The solution of Mr. Cox’s problem is obtained by the 
same methods as were used to construct Equation 1 from 
Equation 2 with the added advantage that any elasticity 
of beam and supports can be considered without further 
mathematical analysis; these quantities simply depend on 
EIf. In most cases it is preferable to assume a value for 
the elasticity of the supports rather than try to estimate 
the reactions from calculations for the extreme cases. The 
disparity of such results is emphasized in Fig. 2 where the 
three cases are compared. 

It is significant that the continuous beam problem in- 
volving elasticity of both beam and supports can be solved 
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They wanted wire, tube 


...and found the strong, corrosion- 
resistant metals they sought 
» among the Inco Nickel Alloys 








Are you looking for metals in ultra-fine sizes for es- 
sential applications today...or for your new products 
after the war? 

Do you want...in addition to the split-hair size 
.»»metals with strength, toughness and high resis- 
tance to corrosion? 

Then take a look at these examples of how INCO 
Nickel Alloys can be produced in practically any 
form or size you may want for applications that need 
a rustless corrosion-resisting material with high me- 


in. chanical properties... ( MOSQUITO'S 
” STINGER ——> 











THE WIRE shown in the magnified photo above 
knotted around two strands of human hair is 0.0009” 
thick. A pound would stretch 80 miles. It is a regular 
commercial product of the Driver-Harris Co. 


THE TUBING, smallest ever drawn, is compared 
with a mosquito’s stinger. Outside diameter of this 
nickel tube is 0.0019”; inside diameter, 0.0004”. 
Superior Tube Company produces commercial tub- 
ing in INCO Nickel Alloys as small as 0.010”, outside 
diameter. 


THE STRIP is .00075” thick... one-third the 
thickness of this page. It would take more than 1300 
strips to equal an inch. This nickel strip is made by 
Somers Brass Company for regular commercial use. 


In addition to their group properties of high strength, 
toughness and corrosion resistance, individual INCO 
Nickel Alloys have specialized properties for appli- 
cations requiring high-temperature strength, special 
hardness, resilience, etc. 

“Tremendous Trifles’ a booklet which discusses 











by the properties, sizes and forms of 8 INCO Nickel 
Alloys will be sent to you on request. Please give 

he Company, Name and Title. Address: 

m THE INTERNATIONAL NICKEL COMPANY INC. 

ty 67 Wall Street, New York 5, N. Y. 

er 

mn EDGE VIEW OF A PAGE EDGE VIEW OF 0.00075-INCH 

: | INCO NICKEL ALLOYS aa —— 

te 

e MONEL + “K” MONEL - “S” MONEL + “R” MONEL 

1e “KR” MONEL - INCONEL - “Z” NICKEL + NICKEL MAGNIFIED APPROX. 25 TIMES 


Sheet... Strip... Rod... Tubing... Wire... Castings 
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es ‘ Essential data on the installa- 


1 iP a tion, operation and maintenance 
: of modern pumping equipment. 
Prepared by Blackmer engineers 
fot those who buy and use ro- 
tary pumps. 


These Bulletins will be 
sent FREE upon request 


304: FACTS ABOUT ROTARY 
PUMPS — Diagrams of operating 
principles of swinging vane type 
rotary pumps. 


111: DIRECT-CONNECTED ROTA- 
RY PUMPS — Low capacity, high 
1} efficiency pumping units of wide 
industrial application. 


115: SANITARY PUMPS—Important 
data for food processing plants. 


120: MARINE PUMPS: The advan- 
tages of ‘‘Bucket Design’’ swinging 
vane principle in the Marine field. 


205: ROTARY HAND PUMPS — 
Safety. efficiency and economy in 
handling stockroom liquids. 


400: EZY-KLEEN STRAINERS 
(made by Blackmer) The importance 
of protection for positive displace- 
ment pumps. 


SER 1: PUMP MAINTENANCE 
CARD— Handy check list, in card 
form, to hang near each pump. 


302: PUMP ENGINEERING DATA— 
Rarely puklished tables, charts and 
other useful information for those 
who use pumps. 


1N0: TRUCK PUMPS—Power-take-off 
and self-powered pumping units for 
tank trucks. 






















Your “‘pump file’ is not 
complete without these 

bulletins. Sign and mail 

the coupon NOW. 


Blackmer Pump Company, 1971 Century Avenue, Grand Rapids 9, Michigan 


No. SER-1 [J 
No. 120 (1 
No. 100 [1] 


Please send bulletins checked— 
No. 304 [J No. lll No. 115 (J 
No. 205 (] No. 400 1 No. 302 (1 


Signed Title 








Company 





Address 
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satisfactorily by analytical methods even when it may be 
necessary to use estimated values for the elasticity of th 
supports. This procedure has the appearance of placing 
the ignorance factor in another part of the calculation, 
However, in most cases the nature of the problem usually 
suggests a method of approximating the elasticity of th 
supports with a fair degree of accuracy. The reaction, 
for the intermediate case need not necessarily lie betwee) 
those for the extreme cases. 


—K. E. Bissuopp 
Fairbanks, Morse ¢> Co, 











. . . credit for discovery”’ 
To the Editor: 


On Page 118 of the November issue of MACHINE De 
SIGN, friction cutting as developed by Arthur Schwartz 
Bell Aircraft Corp. is discussed. 

Some of the information given therein is not quite ag 
curate, and we take this method of correcting it. We 
have been making high-speed sheet metal cutting band 
saws for the automotive industry for many years. Theg 
machines, running at 1200 revolutions per minute, givea 
blade speed of approximately two miles per minute and 
have been recommended for sheet metal sawing up to % 
inch thick. It remained for Mr. Schwartz to discover that 
by certain operating technique, hard or soft steel up tp 
1-inch thick can be sawed on this machine. To him gog 
the credit for this discovery. Your article states that this 
machine was “developed by Mr. Schwartz” which is nét 
the case. The machine was developed by ourselves. 


—C. E. TANNEWI1Z 
The Tannewitz Work 
MacnHinE Desicn apologizes for having made the 


error of crediting the original design of the machine 
to Mr. Schwartz.—ED. 





They Say.... 


“Management must prepare now for war contract cal 
cellation and the necessary inventory adjustments that go 
with the cessation of hostilities. Frozen inventories, such 
as happened in 1921 could spell disaster for postwar en- 
ployment. Management must formulate its postwar Ie 
lationships with respect to its employees. Labor has well 
enunciated postwar plans of its own, and managements 
job is to make certain it has equally good or better plans.” 
—John R. Bangs. 


“We in management cannot base our future plans 0 
the thesis that some bright sprite or bevy of sprites 
about to invent a mechanism certain to regulate customers 
and prevent fluctuations. Planning on the basis of theory 
is not a substitute for preparing on the basis of experi- 
ence. We in management know only too well that a full 
order book must bear the costs of a lean order book. De 
pression losses are boom costs.”—-Enders M. Voorhees. 
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“IT’S THE MOST RELIABLE 


METAL TUBING 
WE KNOW OF” 


They all agree that it is... 


And when production-conscious executives must 
have absolute, 100% tightness plus long life in flexi- 
ble metal tubing, they usually specify American 
Seamless Flexible Metal Tubing. For past experi- 
ence has shown them that this deluxe product will 
flex millions of times without failure. 


American Seamless is all-metal, made from seam- 
less tubes. It has neither joints, welds, laps, seams 
nor packing at which leaks might develop. It com- 
bines the flexibility of rubber hose, the depend- 
ability of metal, the strength of rigid pipe. 


Another interesting feature—you can get Ameri- 
can Seamless Tubing in practically any workable 
metal of your choice. 


NX 










Throughout industry, American Seamless is al- 
most a password. Countless war plants are using 
it to convey air, fuel, water, chemicals, cutting 
compounds, refrigerants, propane and butane, 
manufactured freon, ammonia, oxygen, hydrogen, 
nitrogen, acetylene and many other fluids. They 
use it too for controlling vibration and for con- 
necting moving or misaligned parts. 


Whatever your require- 
ments you'll most likely 
find that we have a fiexi- 
ble metal tubing cr hose 
that will help you do the 
job just a little bit better. 


American Seamless—corrugated 
from seamless rigid tubing... 
pressure tight as the metal 


- i 5 
Why not investigates tube from which it is made, 


43200 


© American Metal Hose 











AMERICAN METAL HOSE BRANCH OF THE AMERICAN BRASS COMPANY ~ General Offices: Waterbury 88, Conn. 
Subsidiary of Anaconda Copper Mining Company + In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario 
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New PARTS AND MATERIALS 


Rotary Pump Announced 


OR use as original equipment on certain types of 
liquid processing machinery, a new rotary pumping 
unit with built-in relief valve—used also for handling 
Navy lube oil—is being offered by Blackmer Pump Co., 
Grand Rapids, Mich. This unit operates on the “bucket 
design” (swinging vane principle), and has a capacity 


i eae a Ete 





of 50 gallons per minute at a discharge pressure of 20 
pounds per square inch. It is direct connected by means 
of a flexible coupling to a three-horsepower motor which 
drives the pump at 870 revolutions per minute. Bearings 
are internal antifriction type. In order to conserve space, 
the motor is Pppsted by a bracket or “shelf” of welded 
steel plate agd bolted to a bulkhead. The pump is 
mounted vertically,dn the base of the bracket, permitting 
free access for lubrication and adjustment. 


High-Output Generator Offered 


F INTEREST to the aviation and allied industries is 
the recently announced generator developed by 
Eclipse-Pioneer division, Bendix Aviation Corp., Teter- 
boro, N. J. Suitable for both auxiliary and main engine 
application, this P-2 generator will produce a full rated 
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load of 200 amperes at 30 volts continuously (6 kilowats 
over a speed range varying from 5000 to 10,000 revok 
tions per minute. To provide satisfactory operation 
low cruising speeds, the generator delivers three-quari 
of its rated output at speeds as low as 4400 revolutig 
per minute. Adequate cooling has been provided by pe 
mitting circulation of air through hollow armature sh 
A floating type of flexible torque drive shaft is internal 
splined to the tubular armature shaft at the commutatr 
end of the unit and held in place by a lock ring. Ani 
tegral drive spline is provided on the drive end of th 
flexible torque drive shaft which extends through the bat 
head and engages the engine driving member, therey 
















absorbing engine torsional vibration and ¢ompensating 
for any slight drive misalignment. The genérator weigls 
36 pounds, and the frame measures 12 5/32 inches fron 
the alloy steel mounting flange to the back end, and is6 
inches in diameter. 


Foot-Operating Valves 


ESIGNED for use on all types of pneumatic equip 
ment such as air holding devices on lathes, air vise, 
operating cylinders, etc., Anker-Holth Mfg. Co., 332 South 





Michigan avenue, Chicago 4, has introduced its new fo0t 
operating valve. It is available in sizes from %-inch® 
¥%-inch, and is of the disk type. The pedal is easy ® 


MAcHINE Desicn—January, 19 











kilowatt 





100 revoly 
eration 
>€-quart 
revolutio 
ed by pe 
ture shalt 
internaly 
Immutatey 
o. An ip 
nd of the 
1 the back 
r, thereby 


pensating 
or weighs 
ches from 
and is 6 


ic equip 
air vises, 
32 South 


>w foot: 
inch to 
easy {0 


ry, 194 


























To aid the Army and Navy Air 
Forces in their winterization pro- 
gram, a specially impregnated 
type of VIM leather packing for 
aircraft hydraulic use was devel- 
oped more than a year ago. 

After exhaustive tests on shock 
struts in arctic regions, it was 
adopted by the Army and Navy 
for all combai planes. Orders piled 
in, taxing our production facilities. 
To meet the enormous demand for 
this vital material, our Aviation 
Packing Department was enlarged, 
and has tripled its former output. 

All planes are now “winterized” 
for safe flying, and with our in- 
creased manufacturing capacity, 
it is possible for us to offer this 
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e these VIM aviation-type 


leather packings 


same type of improved packing 
to industry generally. 

These are “V" packings, impreg- 
nated with synthetic resin, making 
them impervious to any type of 
oils used as the hydraulic medium. 
They can be used almost univer- 
sally for this purpose—for low 
pressures, or up to 16,000 PSI, and 
at temperatures from minus 65° 
to 175°F, | 

Manufacturers of hydraulic 
equipment will undoubtedly be 
interested to test these packings 
against the types now being used. 
For data on this new aviation type 
packing, available for the first 
time to industry, write our Leather 
Engineering Department. 


E. F. HOUGHTON & Co. 


303 W. LEHIGH AVENUE, PHILADELPHIA 


Sales and Service offices in all principal cities 














@ Eyerly Aircraft Co., Salem, Oregon, 
finds Allis-Chalmers Power Units the 
ideal outfits for operating their amuse- 
ment devices. The model W-25, above, 
owned by Kaus Exposition Shows, 
New Bern, N. C., keeps an Octopus | 
side running 12 hours a day, regard- 
Jess of dusty conditions. Wherever 
the show travels it is within quick 
reach of an Allis-Chalmers dealer for 
any necessary servicing or parts, 


ALLIS-CHALMERS INDUSTRIAL ENGINES 
ARE ADAPTABLE TO MANY APPLICATIONS 


If you are casting about for an engine to power 
your equipment-— one that will stand up under the 
toughest conditions, that will perform economically and 
with equal ease on peak or intermittent loads ... inves- 
tigate Allis-Chalmers engines. Lower priced than other 
units of comparable displacement and horsepower, 
they weather any hard going... from the heavy work 
of driving rock crushers and shovels to the dusty con- 
ditions encountered running amusement rides. They 
are the same engines that now power thousands of 
Allis-Chalmers tractors — many of which are with our 
armed forces in the mud of Italy, the jungles of the 
Pacific... wherever there’s need for hard-hitting tractor 
power — on the fighting fronts and at home. 


Service facilities are available everywhere! Any 
Allis-Chalmers agricultural or industrial dealer can sup- 
ply parts for these engines to users of your equipment. 
Plan on using these units on your Post War machines. 
Write now stating your problem. We will be glad 
to offer suggestions and make recommendations. 


ALLIS-CHALMERS 


RACTOR DIVISION-MILWAUKEE-JU. S.A. 


POWER UNITS 


59 SIZES 15 TO 110 B.H. P. 


e GASOLINE 

e DISTILLATES 

e NATURAL GAS 
e BUTANE 
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operate and is returned by means of a spring. Whep 
pedal is pushed down and the foot removed, it returms 
to neutral but the work is held until the pedal is again 
pushed down. 


Solderless Splicing Terminal 





NNNOUNCED 

by Aircraft. 
Marine Products 
Inc., Dept. O, 152] 
North Fourth street, 
Harrisburg, is 
a solderless splicing 
terminal which af 
fords a quick posi- 
tive splice for con- 
necting wires until 
intentional quick 
disconnection is de- 
sired. To make a 
connection only two 
identical parts are required, eliminating the necessity of 
stocking and identifying more than one part. Tensile 
strength of the splice is greater than that of the wire it- 
self, and the assembly may be easily and quickly u- 
coupled. A four-point “knife-switch” wiping action as- 
sures minimum contact drop through the coupling, and 
gives a perfect el<ctrical connection. Contour of the as- 
sembly is such that the sleeving slips on easily and is held 
firmly in place. 














Four New Vacuum Type Switches 


OR a variety of radio and industrial switching applica- 
tions, General Electric Co., Schenectady, N. Y., has 
announced four new vacuum switches which can also be 
adapted to oil or water-immersed operations. Because of 
the enclosed construction they are applicable to hazard- 
ous installations where fire and explosion are a constant 





risk such as in flour mills, magnesium finishing rooms, and 
similar dust-laden atmospheres. Two of the new switches 
are designed also for high-altitude applications. Since 
contacts are mounted in a vacuum they are relatively free 
from effects of corrosion and arcing, and are unaffect 

by dirt or oxidation. The vacuum-type construction gives 
the switches a high-current rating for their size and per 
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WITH TORRINGTON 


NAKED HULLS GROW INTO HUGE PBY Naval Patrol Bombers as they pass along the conveyor 
system of the production line at the Consolidated Vultee Aircraft Corporation. The hulls are 
supported on cradle-like dollies which move the ever-increasing load smoothly to its completion 
while removable sectional platforms provide ready access to the superstructure of the airplanes. 
To safeguard the vital wheel axles of the conveyor dollies so that the heavy load will be carried 
steadily and safely and without time-consuming stoppages, the makers of the conveyor system 
selected Type NCS Needle Bearings for their high capacity and low friction coefficient. 






jhe Worids Largest Coid Storage Doors 
MANYUSA CE 
ie JAMISON COLD STORAGE DOOR CO. 
HAGERSTOWN. ME 






“WORLD'S LARGEST” are these cold storage 
doors made by the Jamison Cold Storage 
Door Company for a 67° below zero cold 
chamber at Wright Field. To help support 
and lend ease to the operation of these colossal 
doors, a Needle Bearing equipped floor roller 
assembly has been applied to the bottom of 
the hinge sides, as shown in the cross-section, 
to provide ease of manual operation. 














0" MIIPS! EPL J 











TAPPING OPERATIONS are done swiftly and ac- 
curately with this Garvin No. 2-X Duplex 
Automatic Tapper manufactured by the West- 
ern Machine Tool Works. The builders of this 
machine selected Torrington Ball Thrust 
Bearings for application on the spindle be- 
tween the forward and reverse driving friction 
cones, as shown in the cross-section, because 
their sturdy construction and high accuracy 
could withstand the repeated shock loading 
which the application required. 





RIVET HOLES IN TIGHT CORNERS and smaili 
openings are easily drilled with this pneumatic 
angle drill made by the Chicago Pneumatic 
Tool Company. Because of their small size 
and high load capacity NCS Needle Bearings 
were selected to carry the load on the shaft of 
these compactly designed tools, as illustrated 
in the accompanying cross-section of the drill. 





A COMPREHENSIVE LINE OF STANDARD ANTI- 
FRICTION Bearings—straight roller, tapered 
roller, needle, and ball—is offered by the 
antam Bearings Division. For new or un- 
usual bearing problems, the assistance of 
Torrington-Bantam’s engineers is especially 
valuable. Years of experience in the design 
and application of special bearing styles stand 
ck of their recommendations. Whenever 
you need engineering counsel on standard 
or custom-built bearing types, TURN 
TO TORRINGTON. 








Torrincro | 


STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE - BALL 
THE TORRINGTON COMPANY +> BANTAM BEARINGS DIVISION 
SOUTH BEND 21, 


Bearincs 


INDIANA 
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Flexible Hose Assemblies 





have been faithfully serving American industry 
on machine tools in peace and in war since 1922. 


You on the industrial front have given us some 
tough assignments, but your experience plus 
ours has solved these problems to speed produc- 
tion and reduce shut-downs. 







Together we've licked the bogie of 
constant vibration, temperatures to 
225° F., hose and connections with 
burst tests up to 25,000 lbs., constant 
flexing between moving parts. 


Fauver engineers know the right assemblies for 
specific functions. Finding new applications you 
may have missed or thought too difficult is their 
every-day business. 


Write for Hydraulic Hose Catalog 





J. N. FAUVER CO. 


43 W. Hancock Ave. \./ DETROIT, MICH. 
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mits them to handle enough power to operate equipmey: 
at greatly reduced voltages. Operating without auxiliay 
contactors or relays, the switches can be used on install. 
tions where space is at a premium as in airplanes. }\) 
self-contained coil or other operating mechanism is byl 
into the switches. Air or liquid bellows, a rod-linkag 
system, or almost any other means can be used to operat, 
switches of this type. An external fulcrum is eliminate 
by the use of a flexible diaphragm, transmitting movemen 
to contacts and acting as a natural fulcrum point for th 
operating arm. Contacts close without vibration, making 
possible the mounting of these switches on or near del. §) 
cate instruments. 


Threaded Tubular Rivets 


RIMARILY for attaching de-icers to airplanes, the us 

of the Rivnuts developed by The B. F. Goodrich Co, 
Akron, O., has been expanded to include industrial ap 
plications. The Rivnut is an internally-threaded and 
counterbored tubular rivet which can be “headed” by : 
riveting tool while working entirely from the “other” side, 
making possible the fastening of parts on otherwise w- 





reachable inside surfaces or in tight places. Of corrosion 
resistant aluminum alloy, the countersunk head Rivnut is 
available in three different head shapes and the flat head 
type is only the one shape. Each of these is made in 
three nominal sizes, Nos. 6-32, 8-32, and 10-32, and in 
six grip ranges. The nuts can be furnished with open o 
closed ends, and with or without keys under the head in 
all styles with the exception of the thin head countersunk 


type. 


Aviation Sealing Tapes 


T HREE new sealing tapes—Chromseal, Fabseal and 
Stratoseal—are contributing to the speed of airplane 
production, according to the producer, Pittsburgh Plate 
Glass Co., Grant building, Pittsburgh. Chromseal, a solid 
ribbon of compound with no fabric in its composition, i 
suitable for a gasket material between riveted or bolted 
surfaces of integral fuel tanks, droppable fuel and oil res 
ervoir tanks, as well as a sealant for plastic enclosures and 
glass cockpit framing. For molding to conform to aly 
angle, curve or contour, the material also is highly 1 
sistant to gasoline, oil and water. It is available in three 
thicknesses: .015, .025 and .062-inch, and in widths from 
% to 24 inches in standard 50-foot rolls. Fabseal, de 
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TYPE NCS 





DESIGNED FOR TODAY’S NEEDS 
AND TOMORROW’S TRENDS —THEY 
OFFER A UNIQUE COMBINATION 
OF ADVANTAGES 


You may not have realized how many 
different types of Needle Bearings have 
been developed since the first Tor- 
tington Needle Bearing was intro- 
duced. 

Some of them are illustrated here. 


Common Advantages 


All of them employ the basic prin- 
ciple of a full complement of small 
diameter needle rollers within a single, 
compact retaining raceway. And all of 
them offer the characteristic advan- 
tages of the original Torrington 
Needle Bearing: 


1. Small size, light weight and compact 
design 


2. High radial load capacity and elimi-. 


nation of stress concentration 


3. Unit construction which facilitates 
handling and installation 

4. Efficient lubrication; freedom from 
maintenance attention 

5. Low cost 


For Special Requirements 


Each of the ‘‘newer’’ types is designed 
for a particular task...a particular 
set of conditions. 

Some of them were so well estab- 
lished even before the war as to be 
almost universally used for certain 
applications. For example, the NCS 
Type Needle Bearing, of rugged con- 
struction, designed for heavy service, 
and available in standard sizes to fit 
an inner race of from 5%”’ O.D. to 
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544” O.D., is widely employed in 
equipment for the oil industry where 
service conditions are severe and 
rough “handling” the rule. 

Others are the result of wartime 
demands for greater efficiency in 
speeding production lines and step- 
ping up performance records. The AT 
Type Needle Bearing, for instance, 
has a heavy, through hardened outer 
race designed to give maximum Ca- 
pacity obtainable from the rollers 















used. It has found 
wide application in 
the aircraft con- 
struction where it 
is used with stand- 
ard AN bolts and 


siderations—as they will be in de- 
signing to meet postwar trends— 
Needle Bearings provide the answer! 

With the development of a com- 
plete line of all types, The Torrington 
Company offers the product designer 
and engineer a selection to meet vir- 
tually any radial load requirement. The 
experience of Torrington engineers 
is available to aid in design and ap- 
plication of Needle Bearings to your 
particular job. A copy of our current 
Catalog No. 109 will give you an out- 
line of the types, sizes and capacities 
currently available for essential needs. 
And if our engineering staff can assist 
in selecting the right type for a par- 
ticular job, write, outlining your need. 
THE TORRINGTON COMPANY 


Established 1866 Torrington, Conn. * South Bend 21, Ind. 
“Makers of Needle Bearings and Needle Bearing Rollers” 


New York Boston Philadelphia $ Oly 
Detroit Cleveland Seattle = % 


San Francisco Los Angeles % —* 
a 


Chicago Toronto London, England 


is designed to have pc (NNER roy Y 


a static non-Brinel 

capacity equal to the single shear 
strength of the bolt. Standard sizes 
in the AT Type range from 0.1900 
to 1.0000” to fit on bolts No. 3 to 16. 


For Pos*war Designs 


Where the efticiency of anti-friction 
operation is desired, and space, weight 
and cost are vitally important con- 
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Do Machines You Design 
Have Their: 


HANDS TIED 





Minimum speea postion. Motor 
away from the driven sheave. 
Pulley open to smallest pitch 
diameter. 


Win build machines with “Tied Hands” when you can 
design them with a wide “range of speeds”. Not just 
a few step speeds—but any range of speeds up to 3 to 1 ratio 
to meet the changing conditions of different jobs—different 
operators—different materials. 

Easy to equip with IDEAL Variable Speed and inexpensive. 
Usually requires no change in basic design. 


Maximum speed position. Motor 
close to driven sheave. V-Belt 
at largest pitch diameter. 








Available in V-Belt 
and Wide V-Belt Types. 


FREE.... 
TRANSMISSION HANDBOOK 


52 pages filled with new Trans- 
mission ideas—detailed data on 
Variable Speed Control Equip- 
ment—technical engineering _ in- 
formation — applications—how in- 
stalled. Send for your copy 
today. 


IDEAL S 


COMMUTATOR DRESSER CO 


1059 Park Avenue Sycamore, Illinois 
Sales Offices in All Principal Cities 
In Canada: Irving Smith Ltd., Montreal, Quebec 





* TOEAL 
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signed for use as a gasket in the construction of flyiy 
boat hulls, gas and oil tanks where internal or exter 
pressures are encountered under constant vibration , 
sudden impact, is an impregnated fabric with an inte. 
leaf separating the fabric layers. Also water, gasoline a 
oilproof, this type may be applied to any metal or woo) 
section. After application the interleaf is removed, « 
posing upper surface of tape which is ready to recejy 





another riveted or bolted section. It is .010-inch thid 
when compressed, and can be doubled depending on ap 
plication. Thickness is .015-inch and width % to If 
inches, in standard 50-foot rolls. The third tape, Strate 
seal, was developed to meet a demand for > lant i 
pressurized cabins for high altitude flying. 1 1>main 
flexible at —70 degrees Fahr. and resists temperatures t 
150 degrees Fahr. This tape is also available in thick 
nesses of .01, .015 and .025-inch, in widths from % to 2 
inches, and in 50-foot rolls. ° 


New Zinc Anodizing Method 


PPLICABLE to zinc plated on any metal, and wv 

some cases to zinc-base die castings a method fa 
anodizing zinc announced by United Chromium Inc., 5 
East Forty-second street, New York 17, increases the 
rust-resistance of zinc-coated steel parts and retards the 
formation of white zinc corrosion. To many parts now 
being plated or black finished this treatment will give a 
improved appearance as well as longer service life. At 
cording to the Army-Navy salt spray test AN-QQ-S-9, 
the new Anozinc baths have held up for more than 200 
hours. The finish is available in two types: A datk, 
semilustrous black and a brassy, slightly iridescent yellow. 


Photoelectric Flame Control 


OR providing instantaneous fuel cut-off in any pre 

sure-fed burner in the event of Hame failure, a photo 
electric system known as Fireye Type F28C is announced 
by Combustion Control Corp., Cambridge, Mass. Cap: 
able of monitoring fame of any intensity, the system % 
applicable to oil, gas or pulverized coal burners and op 
erates entirely from direct observation of the Hame rather 
than wholly or partly from temperature or electrical com 
ductivity. This fame failure safeguard is used with manv- 
ally ignited burners to cut off fuel and sound an alarm; 
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Here, in one file, is a collection of catalogs on 
products and services of special interest to in- 
dustry’s product development and design men. 
Each catalog was specially designed to give you 
essential information on product forms, charac- 
teristics, performance and use—the information 
you need to help you select the product which 
will meet your specific requirements. 


The manufacturers’ catalogs in this Sweet’s 
File average nearly eight pages each—a total of 
1,540 catalog pages. Now, whenever you need 
comprehensive information on materials, finishes 
or parts, you have it instantly accessible in your 
office in Sweet’s. 


Product designers who have received this file 
say it is the most useful source of product in- 
formation in their offices. There is every indica- 
tion that the 1944 issue, now being compiled, 
will attain still wider range and usefulness. 


Save time. Save trouble. Save delay. Look it 
up in Sweet’s File for Product Designers. 


ys in one file 
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These Are Our 
Boys! 





% 


Official U. S. Signal Corps Photo 


HEY’VE got a tough job ahead of them 

as they step out on this enemy beach. But 
we know they'll give ’em the works. And we'll 
give everything we’ve got back home, too— 
we'll work overtime without kicking, we’ll go 
easy on gas and tires .. . and we'll buy War 
Bonds with every extra dollar. 


They are risking their lives. . . 





and we must do our part. ce 








Tue Gar.Lock Pack1nc ComPANY, PALMYRA, N. Y. 


Manufacturers of GARLOCK Packings, 
Gaskets and KLOZURE Oil Seals 


In Canada: The Garlock Packing Company of Canada Ltd., 
Montreal, Que. 


GARLOCK 











or, when the burner is automatically fired, with progray 
relay Type R25, to program fuel pump and valve oper 
tion, intermittent ignition system, purging period, ay 
recycling. It is mounted directly on the furnace yj 
from where it watches the flame through a window ; 








FIREYE Type F28C 









THERMOSTAT 
COP TIONal 


{ FIREYE 

LINE reg 

GRAM 

RANS~ RELAY 
Cc | 




















Man MAI 
VALVE ‘ave 


the wall of the fire chamber. Once the lens of the opticd 
system has been aligned, the field of vision of the elec 
tric eye is limited to the flame itself and extraneous light 
is rejected. While the electric eye sees flame, fuel is fed 
to the burner. When flame fails, or any condition with 
in the electronic control arises which impairs operation, 
the fuel supply is cut off until proper combustion condi- 
tions are restored. Because the system is actuated by 
presence or absence of flame, it operates immediately and 
eliminates the explosion hazard present when a few sec 
onds elapse before fuel cutoff. 


Lightweight Transmission Unit 


O FILL require- 

ments for small, 
lightweight power 
transmission units 
Vard Inc., 2961 East 
Colorado boulevard, 
Pasadena 8, Calif. is 
making a light-weight 
gear box, simple in 
construction. It was 
first designed for use 
on aircraft as a junc- 
tion box for emer- 
gency operation of a 
lineshaft, and now it 
has been found useful in application on various types of 
machines. Designed for horizontal mounting, the drive 
may be connected either parallel or at right angles. Dis 
tance between the centers of shafts is 2% inches. At 
tachment shafts are supplied with a 24-48 pitch, 11-tooth 





Macuine Desicn—January, 194 
















- prograr 
ve Oper 
riod, any 
lace wal 
indow j 


Optical 
he elec- 
us light 
1 is fed 
n with 
eration, 
- condi- 
ited by 
ely and 
aw set 





ves of 
drive 


At 
tooth 


1944 





Do you have a 





ee = 


Here is one of many 


KENNAMETAL 
INSERT 


hte with KENNAMETAL 


The steel tool-rest on this grinding machine re- 
quired resurfacing once a month because move- 
ment of the tool back and forth wore depressions 
that interfered with accurate grinding—friction 
between the rest and tool shank, in combination 
with abrasive action of wheel grit, did the damage. 


Since Kennametal blanks were inserted as 
shown, maintenance troubles have been mini- 
mized—wear is so much less that reconditioning 


_ the surface is required only after a period of five 


months. 


Kennametal as used here is the same hard, dur- 
able intermetallic compound, containing tungsten- 
titanium carbide, that has been distinctively suc- 
cessful in extending the effective service life of 
turning, boring, and facing tools. Grade K4H, hav- 


KENNAM¢ 


\Y 


Ng 





Trade Mark Reg. U. S. Pat. Off. 
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ing a hardness of 80.6 on the Rockwell C scale, is 
the most wear-resistant. Contributing further to 
increased life of wearing parts is the lower co- 
efficient of friction between Kennametal and steel 
as compared to that between steel and steel. 


Perhaps there are elements in some of your 
machines that are subjected to excessive wear. 
If so, Kennametal will relieve your trouble. In 
many cases, standard blanks can be used. For 
individual requirements, special inserts can be 
provided at moderate cost. 


Kennametal engineers will welcome the oppor- 
tunity to help solve your wear resistance prob- 
lems. Standard and formed blanks are discussed 
in detail in the new Kennametal Catalog 43-C. 
Write for your copy. 


KENNAMETAL <Gre. 


146 LLOYD AVE. 
LATROBE, PENNA. 
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FOR ANY GUN — PISTOL TO HOWITZER 
“Keep ’em Firing’”’—no matter where they are. That’s 
the slogan. Repair crews, with their mobile workshops, 
service all types of guns, from pistols to howitzers. Gen- 
erating units, powered by gasoline engines, charge bat- 
teries and operate electric drills and other modern tools. 
This is typical of the multitude of vital jobs—both stand- 
ard and special—for hundreds of thousands of rugged, 
dependable Briggs & Stratton engines “in the service.” 









O those manufacturers now 
designing and experimenting 
with machines, tools, or equipment to 
be powered by portable gasoline en- 
gines, we offer the services and long 
experience of Briggs & Stratton’s engi- 
neering and development staffs, without 
any expense or any obligation. 

Their assistance and counsel may save 
you weeks of time and many headaches, 
and effect material economies and 
greater efficiency, 


The reputation of Briggs & Stratton is 
world wide in the gaso- 
line engine field. Thou- 
sands of dealers and mil- 
lions of owners and users 
know that — 

“It’s powered right—when it’s 
powered by Briggs & Stratton.” 
BRIGGS & STRATTON CORP. 
MILWAUKEE 1, WIS., U.S.A. 

a 





GASOLINE 4 
ENGINES .o” 


174 





































Perens kee 
Lan ence 


i 
ie 
2a 
* 
ate 
bi 








a 
z 


Ey 








involute spline with a 30-degree pressure angle and 4 
pitch diameter of .4583. It is designed for a maximum 
torque of 900 inch-pounds. 


Synthetic Dielectric Material 


NOWN as Lectrofilm, a new synthetic dielectric ma. 
terial has been developed by General Electric Co, 
Schenectady, N. Y., as a result of the growing shortage of 
high-grade mica. It can best be applied to most radio. 
frequency-blocking and by-pass, fixed capacitors used jn 
communications and other electronic equipment. Avail. 
able in both rolls and sheets, Lectrofilm can be used with 





little change in equipment or method of manufacture, and 
its strength and flexibility make it well-suited to automatic 
methods of manufacture. Control in production of this 
material, together with its chemical stability, assures uni- 
form properties and freedom from defects. Little grading 
or sorting before being placed into a capacitor production 
line is required. The material is being made available to 
manufacturers making capacitors for the armed forces. 


High-Power Electronic Condensers 


EAVY-DUTY variable air condensers for electronic 

heating applications are being offered by Barker 
& Williamson, 235 Fairfield avenue, Upper Darby, Pa. 
Of sturdy unconventional design offering many advan- 
tages for heavy-duty applications, the Type CX variable 
condensers feature perfect electrical design symmetry and 
built-in neutralization coupled with mechanical durability. 
The construction also lends itself to built-in mounting of 
standard inductors in such a way that lead lengths and 
resulting lead inductance are reduced to a minimum. The 
condensers are available in any required capacity for elec- 
tronic heating use up to 5 kilowatts, 12,500 volts. 


Engineering Dept. Equipment 
Three Slide Rules Available 


HREE new slide rules have been announced by The 

Frederick Post Co., Box 803, Chicago 90—one for 
the professional draftsman, one for the apprentice drafts- 
man and a one-hand five-inch pocket slide rule. All three 
contain the scales A, B, C, D, CI, K, S, L and T, and are 
celluloid-faced with the exception of the apprentice rule 
which has a painted face. Produced as an emergency 
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Have you a product on the drafting board 





requiring protection of rotating or oscillating 





parts against friction and wear? Orange 





Roller Bushings give you the solution—whether 





to carry heavy loads in limited space . . . to provide even, quiet, 
high speed running . . . to maintain smooth, precision operation 


—or to add longer life to hard-working parts. 


Orange Roller Bushings are meeting just such requirements in all 
types of equipment, with remarkable success. The high load 
carrying capacity and exceptionally smooth running of Orange 
Roller Bushings result from their basic design and extreme stand- 
ards of precision manufacture. Full details are contained in our 
Engineering Data Book, which shows range of sizes and types, 
Plus installation suggestions. Send coupon for your copy. 


® CONSULT OUR ENGINEERS ON ANY BEARING APPLICATION 
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Cr Baird Forming Machines are in- 
CE) oe niously designed to produce 


articles of wire or ribbon metal, in 
every conceivable shape and size. 
Among the many features of these 
Baird production machines is their 
speedy, smooth operation — to which 
Orange Roller Bushings in the cam rolls 


make a valuable contribution. 





f= Mail Coupon for Engineering Data my 


Orange Roller Bearing Co., Inc.. MD 
Orange, N. J. 


Please send me your Roller Bushing Data Book 
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WRINKLE 


A PROVEN 
WARTIME FINISH 


GLARE PROOF— 


Wrinkle being a rela- 
tively dull finish does not 
give away position to 
the enemy. 


HEAT, COLD AND 
MOISTURE RESISTANT— 


The Elements do not 
affect substantially the 
toughness of Wrinkle. 


SURFACE PROTECTION— 
Being a hard finish, 
Wrinkle protects any sur- 
face from scuffing an 
hard use effects. 


ONE COAT DOES THE JOB 


Wrinkle being a _ one- 
coat-finish, eliminates 
costly, time-consuming 
finishing operations. 


RINKLE__ 











measure, they are well constructed, accurate slide rule} ~ 
and are equipped with a case and instruction sheet. 


Whiteprint Developing Machine 


NOWN as Model 700, a new table model for dry 

developing whiteprint reproductions of engineering 
drawings and tracings has been made available by The 
C. F. Pease Co., 2601 West Irving Park road, Chicago, 
A developer only, this machine has two production speeds, 
four and eight feet per minute. It is easily operated and 
can be used in conjunction with any blueprinting. or di- 





rect-process printing machine using any dry direct-process 
paper. Especially suitable for operation with the com- 
pany’s models Nos. 77 and 66 high-pressure quartz tube 
printers, the new developer is of sturdy, lightweight, 
welded steel construction, featuring easy accessibility 
through quickly removable sheet metal guards. It is made 
in two sizes, 42 and 54 inches. 


Table-Type Continuous Printers 


OMPACT, easily portable, table-top continuous print- 

ers have been announced by Peck & Harvey, 4327 
Addison street, Chicago. Available in two models B-! 
and B-2, they produce clear, sharp blueprints or direct 
process black and white prints to 44 inches wide in any 
lengths at a speed up to 42 inches per minute. No 
special wiring is required; they can be simply plugged 
into any standard electric outlet. Any drawing or trac- 





ing, or printed matter to 44 inches in width, or any com- 
bination (as many as five 8% x 11-inch sheets) may be fed 
into the machine at one time, and it will print any length 
continuously, without side travel, blurring, or wrinkling. 
Mercury vapor tube lamps are mounted horizontally t0 
give uniform light intensity overall. Super-clear, hand- 
polished contact glass and sliding contact insure cleat, 
clean overall exposure. A ball-bearing equipped variable- 
speed drive provides a wide range of speeds. Overall 
dimensions of both models are: 16 x 16 x 63 inches. 
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DESIGNERS OF POST-WAR PRODUCTS! 


A new method of protecting bearings 
and gears against excessive wear is now 
available for use in postwar products. 
It simply involves replacing ordinary 
drain plugs with Lisle Magnetic Plugs. 
On far-flung battlefronts Lisle Plugs 
have more than lived up to the expecta- 
tions of Ordnance Engineers by cutting 
down bearing wear and maintenance 
problems in many types of equipment. 
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A powerful magnet in the Lisle 
Plug attracts and holds any iron 
or steel particles which form in the 
lubricant as a result of ordinary 
wear. Removal of this abrasive 
metal eliminates one of the most 
common causes of premature bear- 
ing failure. No change of design is 
necessary—just use the Lisle Plug 
in place of an ordinary drain plug. 


netic Plugs for experimental use. See for yourself how ¢ ABRASIVE 
Lisle Piugs pull abrasive metal out of the lubricant. on oF THE LUBRIC,4 Tay 


.- mania: Box 1003, Clarinda, lowa “ls 


F R é E f Engineers are invited to send for sample Lisle Mag- 
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DRAFTING 


NO-INK 


Drawing 


Adopted as Standard 
Board By Major Industries 
RE-SURFACE TOP Resilient drawing surface pro- 


Worn Boards. Mod- ducesa sharp, opaque stroke in the drawing 
ernize New Boards. results in perfect prints—makes inking 





PRECISION-IZE unnecessary. The most perfect, most de- 
Pencil Drawings lightful surface to work on. 
for Perfect Prints. 

RELIEVE 10 Years More Use From Old or Discarded Boards 
Short f M i i i 
SBerteges of Sen Users are reordering in quantity. Over 


25,000 NO-INK Drawing Board Tops al- 
SPEED ready in use, saving man-hours, speeding 
Sey ary 7 production, renewing discarded boards, 
‘ modernizing new boards, Costs so little. 


We cut Tops to exact board size, no matter how large or 
how small. Attached by anybody in 10 minutes, ready 
for immediate use. Economize, modernize your drafting 
procedure. Write for catalog, prices and trial offer. 


Est. 1911. Over 30 Years of Guaranteed Customer Satisfaction 


W. H. LONG COMPANY, 425 NO. CLARK ST., CHICAGO 10, ILL. 




























As one shift relieves another 
Gusher Coolant Pumps are ready 
to go... and keep on going. 
Simple design—fewer parts to 
wear—makes Gusher Pumps 
“steady performers.”” You get 
a copious flow of coolant when 
you want it and where you want 
it. There’s a Gusher model for 
your requirements. Write. 


GUSHER 
COOLANT PUMPS 


MODEL 9040 — Available in any 
current characteristics, including 25 
cycle, 1, 2, or 3 phase. Totally en- 
wo closed 4 h.p. motor. 


| i RUTHMAN MACHINERY CO. 
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1811 READING ROAD CINCINNATI, OHIO 
LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS 
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MEN OF 
MACHINES 


DESIGNER who 

has “designed 
everything from baby 
carriages to refrigera- 
tors’—Ralph E. Kruck 
has been appointed 
manager of the product 
design department of 
the Westinghouse Elec- 
tric Appliance Division. 
Since 1931 Mr. Kruck 
has been an industrial 
designer for the com- 
pany, and in this new 
post will have the job 
of “appearance-design- 
ing” ranges, laundry 
machines and all other appliances the company will build] 
after the war. With headquarters in Mansfield, O., Mr} 
Kruck will work closely with the engineering, sales and) 
advertising departments. Prior to his appointment he) 
was a member of the company’s engineering department! 
at East Springfield, Mass., designing household and com 
mercial refrigeration and air conditioning equipment. 
Two years ago his designs earned him the companys) 
order of merit in recognition for “distinguished service, ” 
particularly for his creative work in the field of industrial 
design; for his ability to create designs adaptable to prac 
tical manufacture, and for his creation of new standards 
of beauty in the field of household refrigeration.” 7 
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T ITS annual meety 

ing the Americal” 
Welding Society elected 
as president David 
Arnott, who has _ been 
active in the society 
since its early days, pal — 
ticularly in its technical 
activities relating to ship 
welding. Connected 
with the American Bu- / 
reau of Shipping, Mr § 
Arnott has delivered @ 
number of papers be 
fore various sections of 
the society and is author 
of an important chap 
ter of the Welding Handbook. He has been a strong ™ 
supporter of research activities and at the present time is | 
chairman of the society's committee on welding and ma-~ 
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. of Lord Mountings are in use 
today, providing protection against the 
harmful effects of shock and vibration on all 
types of industrial, military, and naval equip- 
ment, from light, delicate instruments to heavy, 
massive machinery. 


Providing such protection in modern 
equipment designs may well be termed “Pro- 
tective Engineering”. To engineers confronted 

with a problem of vibration control, Lord offers 
a wide variety of bonded rubber, shear type 
mountings from the standpoint of function, size, 
shape, load ratings, and methods of application. 


The accompanying photographs show 
Lord Plate Form Holder Type Mountings being 
used to float electric generators within the 
transmitter housing of a marine radio unit 
manufactured by Federal Telephone and Radio 
Corporation, at Newark, New Jersey. Simplicity 
of application is well illustrated. The generators 
weigh 110 pounds each, and the mountings 
serve to isolate component equipment from any 
disturbing forces emanating from this source. 


Through proper mounting selection, iso- 
lation efficiencies ranging from 75% to 85% 
reduction of disturbing forces may be expected, 

although reductions up to 97% are not unusual 

in equipment operating at very high frequencies. 

The remarkable efficiency of Lord Mountings 
is due to the accuracy, precision, and uniform 
quality of manufacture. 


Lord Mountings are made in two main 
types, Plate Form and Tube Form, with varia- 
tions to suit special conditions. Load ratings of 

standard sizes range from a few ounces to 1500 


























































been pounds. They absorb shock, control vibration, 
ociety and minimize all noise transmitted through 
, par solid conduction. 

" ical For complete information covering all 
= Lord Mountings, as well as engineering discus- 
) ship sion on vibration control, write for Bulletins 103 
ected and 104, or call in a Lord Vibration Engineer 

for consultation on your vibration problems. 

. Bue There is no obligation. 

Mr. ‘ 
ed & 
; be 
ns of 
uthor 
chap- iT TAKES RUBBER Ju Shear TO ABSORB VIBRATION 
trong — 


LORD MANUFACTURING COMPANY 


| mas ERIE, PENNSYLVANIA 
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MANY FEATURES COMBINE 
TO MAKE THIS 


MODEL VBD 
AN OUTSTANDING PUMP 


Provided with three pipe tapped 
outlets (right, left, and back into 
coolant sump), this Pioneer Pump 
model offers you great flexibility. 
It reduces your stock inventory: 
you don’t have to carry a variety 
of pump models to satisfy the 
need for different outlets. One 
model is all you require. 


This model will pump liquids 
usually considered difficult to 
handle, such as abrasives, etc. 


The unit is designed to assure 
safe operation of motor: liquid 
cannot affect it. 


These are a few of the high spots 
that distinguish the Model VBD— 
real efficiency from top to bottom 
of its streamlined body. 


Pioneer Pump & Manufacturing Co. 
19652 John R Street, Detroit 3, Mich. 
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rine construction. Mr. Arnott also served on the execy. 
tive committee. Born in Glasgow, Scotland, in 1878, he 
is a graduate of the Royal Technical College. He re. 
ceived his apprentice training as a ship welder and later 
served as a surveyor in Glasgow. He also was principal 
surveyor for Canada from 1917-1918, stationed at To. 
ronto. Later, from 1918-1925, he became deputy chief 
surveyor of American Bureau of Shipping, New York, 
and then chief surveyor of the American Bureau of Ship. 
ping, the position he now holds. To these duties were 
added those of vice president of the bureau in 1938, 
which position he also now fulfills. 
o 


Cuar.es Sarpou Jr., formerly chief draftsman for Kin- 
ner Motors Inc., and standards and patent engineer of 
Vultee, has recently been promoted to chief draftsman of 
Consolidated Vultee Engineering and Development Di- 
vision, Downey, Calif. 

° 

Feix C. ReIcHurn has been made design engineer for 
AiResearch Mfg. Co., Los Angeles. He had been con- 
nected with Kinner Motors Inc., Glendale, Calif., as en- 
gine designer. 

° 

Rosert T. Gorrin, process engineer for Sterling En- 
gine Co., Buffalo, N. Y., has joined Sperry Gyroscope Co. 
Inc., Great Neck, L. I., N. Y., as senior methods engineer. 

e 


Epwin A. DROEGEMUELLER has joined Pratt & Whitney 
Aircraft, East Hartford, Conn., as assistant project engi- 
neer. He formerly was connected with Standard Oil Co. 
(Ind.) Engine Laboratory, Whiting, Ind., as research 
engineer. ’ 

« 

Dwicut AusTIN has recently resigned as new develop- 
ment engineer of Yellow Truck & Coach Co., Pontiac, 
Mich., to organize a new company Dwight Austin & As- 
sociates, consulting engineers, with headquarters in Kent, 
O. . 

* 

ALex L. Haynes has joined the Aircraft Development 
Section, General Motors Corp., Detroit, as design engi- 
neer. He was connected in a similar capacity with Stin- 
son Aircraft division, Consolidated-Vultee Aircraft Corp. 


¢ 


Pau. E. Hovcarp has resigned as chief engineer, Glenn 
L. Martin Co., to join Curtiss-Wright Corp., Airplane di- 
vision, Buffalo, N. Y., as technical assistant to the director 
of engineering. 

e 

T. F. BrupNELL has become connected with Caterpillar 
Military Engine Co., Decatur, IIl., as assistant design en- 
gineey. Previously he had been with Witte Engine 
Works, Kansas City, Mo., as chief draftsman. 


° 


Dr. R. P. Dinsmore was recently elected vice presi- 
dent in charge of research and development of the Good- 


year Tire & Rubber Co. 
. 


Epcar C. Bain, past president of the American Society 
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Tool in Use 


IMPERIAL 
/ube-Working TOOLS 


Size Tubing 
. Serviced 





Description of Tool 








Cat. 
No. 













































CUTTING 


FLARING 


BENDING 


SOLDERING 


SWEDGING 


REFACING 
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3/16” to 3/4” 


1/8” to 3/4” 
7/16” to 1 1/8” 


1/8” to 3/4” 
1/8” to 2” 
11/2” to 4” 


3/16” to 3/4” 
3/16” to 1/2” 
1/4” to 5/8” 
3/16” to 1/2” 
3/4" to 1” 
3/16” to 1/2” 


1/4” to 5/8” 
3/16” to 3/4” 


3/8” to 3/4” 


For use on all 
soldering work 


1/4”, 3/8”, 
1/2”, 5/8” 


1/4” to 3/4” 


1/4” to 5/8” 





Roller type. Has special groove for 
cutting off flares. Illustration at left 
GID GENES DIE BEF BID ive ciccicvsssccesccccesesss 
Tubing rests on “V” instead of rollers 
Wide range, roller type with flare 
PONTE I, Sicicecscssvientinsiion 
Small, inexpensive, pocket size cutter. 
MLTR: L321, cdecteaehstennavessorinaele 


NINN 5s: so denkicserVuieks uibapapepedineens 


RN IO Wis oincevicssssovaciepectentenesee 
For smaller range of diameters........... 
Same as 93-F except size range........... 
Has quick slip-on yoke................::cc00+ 
NE CONE DER isis scissessccesaescevepsorsseoess 
For double-flaring steel tubing. Also 


general flaring. Illustration at left 
shows this tool im use...............scseeee 


Spring bender set —outside type........ 
Open-side bender. Positions any- 
where. Calibrated in degrees. Each 
bender takes one size tubing. Illustra- 
tion at left shows this tool in use....... 


Heavy duty bender outfit. Takes four 
sizes of tubing............. Le 


Outfit includes torch, 4 tips, solder- 
ing iron, hose, and tank connections. 
Illustration at left shows this tool in 
MINIS sc ucssinsl beacseokaubudiuccbonesietcoveemeoum erie 


For joining two pieces of copper tub- 
ing of the same size without the use 
of a fitting. Kit includes flaring bar, 
4 swedging tools. Illustration at left 
shows tool in use............00+ ecieciasuaastee 


Individual swedging tools—no bar.... 


Refacing tool for refacing S.A.E. flare 
fittings which have become nicked or 
marred. Includes cutter, 5 adapters. 
Illustration at left shows this tool in 


COCR eee E Ree OEE EEE EEE EEE EROS EEE EE OE SEES SEES EEO EES 


174-F 
94-F 


212-F 
127-F 
184-F 
185-F 


175-F 
93-F 
95-F 

193-F 

103-F 


93-FB 
101-F 


364-F 


360-F 


32 


195-S 
93-S 


98-F 
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>———— OHIO MOTORS INCLUDE 





Ohio Torque Motors are employed to release 
brakes and hold them open . . . operate gates 
and doors . . . turn valves . . . operate clutches 
. .. Close and open switches . . . any job a solenoid 
or power cylinder can do. 


They can be stalled for the length of time to suit 
the work cycle for which they are wound and not 
burn out, nor even over-heat. 


Ohio Torque Motors are silent. Made for any 
power from 1 oz. [t. to 100 oz. ft., equal to 1-16 ft. 
Ib. to 71% ft. Ibs., and to operate on one- two- or 
three-phase A.C., or up to 250 volts D.C. 


What is your problem? 





Split-phase Induction to 1/3 HP Torque to 100 oz. ft. 
Direct Current to 1 HP Shaded Pole to 1/30 HP 
Capacitor to 2 HP Synchronous to 1/4 HP 


A.C. to D.C. Motor Generators 
Polyphase to 2 HP to 500 watts 
Aircraft Motors High to Low Voltage D.C. 


Shell Type to 744 HP Dynamotors up to 300 watts. 








Ss 
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The OHIO ELECTRIC MANUFACTURING Co. 
5906 Maurice Avenue Cleveland 4, Ohio 











for Metals and assistant to the vice president of the United 
States Steel Corp., has been made vice president jp 
charge of research and technology at Carnegie-Illinois 
Steel Corp. 
¢ 

Rosert C. Cortettr who for the past few months has 
been serving as executive vice president, has been made 
president of Goss Printing Press Co., Chicago. 


« 


T. C. Fockier has been appointed a member of the 
American Standards association’s subcommittee on ball 
and roller bearings and standardization of shafting. He is 
connected with Westinghouse Electric & Mfg. Co. 

2 


E. F. Loweke, previously chief engineer of Hydraulic 
Brake Co., has been made hydraulic engineer of Hayes 
Industries Inc., Jackson, Mich. 


= 


CuarLes E. MacDonatp is now design engineer for 
Vega Aircraft Corp., Burbank, Calif. He formerly had 
been acting project engineer, Kinner Motors Inc. 


S 


H. E. Sma, formerly chief engineer and manager of 
plant 10, C. L. Gougler Machine Co., and a past vice 
president of SAE, is now an engineer for Timken-Detroit 
Axle Co. For a number of years earlier, Mr. Simi had 
been chief engineer of Twin Coach Co. 


o 


WituiaM S. Warts recently joined the Auto-Railer 
Division of Evans Products Co., Detroit, as chief engi- 
neer. Formerly he had been development engineer at 
Aircraft-Marine Products Inc., Elizabeth, N. J. 


o 


GreorcE H. HurFrerp has been appointed director of re- 
search, Weatherhead Co., after resigning as development 
engineer of Houde Engineering division, Houdaille- 
Hershey Corp., Buffalo, N. Y. 


Rosert L. SUTHERLAND is now an engineer in the re- 
search department of Aeronca Aircraft Corp., Midland, O. 
He had been connected with Buick Motor division, Gen- 
eral Motors Corp., Melrose Park, Ill. 


& 


Hans RutisHAvUsER has become development engineer 
of Aerojet Engineering Corp., Pasadena, Calif. His former 
connection was with the Lycoming division, the Aviation 
Corp., Williamsport, Pa. 

¢ 

Victor P. SHAFFER has been made engineer in charge 
of design for the Process division of H. K. Porter Co. Inc., 
Pittsburgh. In his new position he will also direct an 
expanded program of development and research. For 
the past ten years Mr. Shaffer has been associated with 
development work for Calco Chemical division of Amer- 
ican Cyanamid Corp. 

SI 

ANTHONY NAIDEN, a design engineer, has joined the 
engineering department of the Westinghouse plant at 
East Springfield, Mass. 
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- WARNING- 
+0 GE OPENED ey THE 





BY y REQUEST “ 


NO SMOKING) | 


SAVE TIME, WEIGHT, METAL, 
MONEY AND LABOR WITH 


MEYERCORD 
DECALS 


Meyercord Decals are serving the war effort in a thousand 
different ways... saving metal... money...weight. 
and man-power. Decal nameplates, instructions, inspec- 
tion data, serial numbers, dial faces, insignia, etc., are used 
on tanks, combat and merchant ships, planes and commun- 
ication equipment. They’re durable, washable, and can 
be reproduced in any color, size or design. No screws, 
bolts or rivets required for application. No sharp edges. 
Meyercord Decals can be applied to flat convex or con- 
cave surfaces... for interior or exterior use...on metal, 
wood, fabric, rubber...even CRINKLED METAL! Special 
mar-proof Decals are resistant to temperature extremes, 
fumes, abrasion, vibration. Free designing and technical 
service. For complete information address Dept. 151. 


THE MEYERCORD CO. 


World’s Leading Decalcomania Manufacturer 


5323 West Lake Street * Chicago 44, Illinois 
* 














— = 2° 





MacuHine Desicn—January, 1944 





280 scat ant ere 





lead en 








| 
| 
| 
| 


| 
| 
| 
| 


| 














CHERRY BLIND RIVETS 


CHERRY BLIND RIVETS cre ideal for riveting tubing 





to elbows, brackets or other tubing. Here, short length 
Cherry Rivets are headed on the inside of the tubing. 
The Cherry Rivet is a meckanical blind rivet headed by means of 


a mandrel passing through it. A gun exerts a pulling force on the 


mandrel, expands the shank of the rivet and forms a tulip head on 
the blind side, the head on outside conforming to the radius of tube. 
If you need to speed up war jobs or are planning new products, 
get the complete story on Cherry Rivets now. See how they will save 
time and money. Give you a better job in many types of applications. 
Mandrel is pulled into rivet, expands 


shank, forms head on blind side. Man- 
drel is trimmed flush. 


GET NEW HANDBOOK. See how Cherry Rivets 
have been proved in aircraft. Write to De- 
partment A-107, Cherry Rivet Company, 231 
Winston Street, Los Angeles 13, California. 





Cherry Rivets, their facture and application are covered 


‘e and app 
by U.S. Patents issued and pending 
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NOTEWORTHY 
PATENTS 


Steerable Caster Tail Wheel 


A TAIL wheel which is steerable through a substap. 
tial arc yet has full swivel or caster action is covered 
by patent 2,329,823 recently assigned to Lake State 
Products, Inc. Developed for use on airplanes having , 
positive connection between the steering mechanism for 
the rudder and the tail wheel, the design is such that there 
is no load or resistance to be overcome in uncoupling 
the tail wheel from the steering mechanism. 
- As shown in the accompanying drawing the tail whee 
assembly is secured to the tail skid. The wheel is mounted 
for rotation upon an axle attached to the angular am 
which is integral with the vertical post. The steering 
arm assembly comprises a double-ended arm to the ends 
of which shock cords are connected for actuating the am 
from the rudder mechanism. As shown in the sectional 
elevation the arm is pinned to a hub which is shown in 
detail at the lower left of the illustration. A cam sleeve 
is press fitted and pinned within the housing. This sleeve 
is shown developed at lower right of the illustration. Up- 
per edge of the cam sleeve engages a key which is pressed 
against it by a spring. This key is free to slide vertically 
within a slot in the hub and when in its lowest position 
engages a keyway in the post. 

It will be noted that the post is supported for complete 
rotation in the housing, that the cam sleeve is fixed to the 
housing, that the hub is fixed to the steering arm and is 








, Shock cords 

















wee -----F------ 5 
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Tail wheel is steered along with rudder within the limits 
indicated by dotted lines. Beyond these positions full 
swivel action is obtained 
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A “Memorable Event” of 1904=—Created 
by an Emerson-Electric Motor 


MAGINE everyone’s surprise when, in 

1904, a player piano actually “played 
itself’ —an Emerson-Electric Motor had 
been installed! 


This early innovation may seem trivial com- 
pared to the contribution of Emerson-Electric 
Motors in later years. But, it was this early 
pioneering that helped make present-day 
motor-driven appliances and equipment 
possible. . 

Think of living without electric motors to 
operate our washing machines, irorners, 
vacuum sweepers, refrigerators, fans, heating 
systems, and the numerous types of equipment 
in industry and commerce. The American way 
of life is powered with electric motors. 
Now, Emerson-Electric is working full time 
for Victory. Wartime necessities are provid- 
ing invaluable experience and creative re- 
search in a new and vastly enlarged field of 
manufacturing operations, particularly in 
light metals and plastics. “After Victory”, 





manufacturers of new and improved motor- 
driven appliances can turn with complete 
confidence to Emerson-Electric for motors 
that will do the job better and stay on the job 
longer—motors that will meet the challenge 
of a post-war world. 

THE EMERSON ELECTRIC MFG. CO. 

SAINT LOUIS 


Branches: New York « Chicago 
Detroit « Los Angeles « Davenport 








The War Bonds You Buy Today Will Provide the 


“ Look, Harry, with this Emerson- 
Electric motor, the player piano 
will play itself!” 


““You don’t mean, George, that it 
willreally play without pumping 
the foot pedals?” 


“That's exactly what I mean, 
Harry—those motor people are 
Jinding new uses for electric motors 
every day. What will they think 
of next?” 








Emerson-Electric power-oper- 
ated gun turrets and electric 
motors for aircraft are in ac- 
tive service on all battle fronts 
of the world. 

















Electrical Appliances You'll Want After Victory 
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SIMPLE e EFFICIENT e ECONOMICAL 


Sizes for shafts from 12” to 512" diameter 
in stock for immediate shipment. 


Maximum torsional Trouble-free 
flexibility operation 
Free from noise Great shock 
and vibration... absorbing 
cushioned on rubber capacity 


No lubrication 
required 


Longer life 
for machine 





Made by a leading manufacturer of motors and gen- 
erators, the C-W Coupling has only 4 major parts . . . 
flange, spider, ball retaining ring and rubber balls. 
The balls transmit the torque, absorb the shock and 
vibration, but do not transmit end thrust. Nothing 
absorbs shock like rubber. 

The C-W Coupling can be used for every flexible 
coupling application. It is ideal for use in reciprocating 
engines where the use of a conventional coupling would 
transmit the shock of drive or driving machine and 
cause maintenance problems. 


REALE OE ROLE LE 








Ee : 


CROCKER WHEELER ELECTRIC MANUFACTURING COMPANY 


Ampere, New Jersey... division of JOSHUA HENDY trRON WORKS 


For engineering and service information, call . . . 














*Boston (COM 6907) *Detroit (TR 2-5785) 

*Buffalo (CL 4985) New York (CO 7-6700) 

*Chicago (FRA 1616) Philadelphia (WAL 1444) 

Cincinnati (MA 1345) Pittsburgh (AT 9818) 

*Cleveland (MA 3255) *San Francisco (EX 5531) 
Washington (EX 1991) 


. or your local Crocker Wheeler dealer * Local Stock 


OTHER JOSHUA HENDY IRON WORKS PLANTS AT SUNNYVALE, POMONA, 
TORRANCE AND! LONG BEACH CALIF., AND ST. LOUIS, MO, 
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oscillated with it and that the key constitutes the sole 
coupling element between the post and the spring am 
assembly unit. At the time the ariplane takes off or lands 
the tail wheel will swing the post into a position aligning 
the key with the keyway in the post, provided the rud. 
der is in a neutral position. This alignment enables the 
key to drop into the keyway, positively locking or coupling 
the hub and steering arm to the post. With the tail wheel 
and rudder in the position just described the nose of 
the key will be riding on the lower horizontal portion 
of the cam defined by the upper edge of the sleeve. Move. 
ment of the arm will enable the tail wheel to be positively 
steered within an arc corresponding to the lower hori- 
zontal portion of the cam. With nose of the key riding 
on the upper horizontal portion of the cam, the post js 
uncoupled from the steering arm so that there is no in- 
terference with the full swivel or caster action of the tail 
wheel. The uncoupling and coupling of the tail wheel 
from and to the rudder steering action is fully automatic, 
requiring no attention from the operator and is accom- 
plished without addition of any appreciable resistance to 
swivel movement or use of an overload release. In prac- 
tice the cam may be designed to give steering control 
over the tail wheel through a 90 degree arc with free 
swivel action through the remaining 270 degrees. 


Shutter Actuated by Geneva Mechanism 


ANY attempts have been made to produce a be- 
tween-the-lens type of camera shutter in which ex- 
tremely rapid exposures of the order of 1/1000-second 
could be made where the aperture is in the neighborhood 
of 1% inches. Because the parts must be moved with 
extreme rapidity, it has been difficult to start and stop 
the movement without damaging the shutter leaves and 
other parts of the mechanism. An improved shutter which 
is covered by patent 2,327,780, recently assigned to East- 
man Kodak Co., overcomes the defects of previous shut- 
ters by making the parts which must move rapidly in 
such a way that the prime mover reaches a high accelera- 
tion before the shutter blades are actually moved. Pro- 
vision is also made for preventing the rebound of the sud- 
denly stopping shutter blades. 

As shown in the accompanying illustration the shutter 
is of the type in which a number of shutter leaves are 
mounted to turn one complete revolution when a torque 
is applied to them by means of a ring gear and pinion. 
The ring gear which drives the shutter pinion is included 
in a Geneva driven member which is moved a distance 
sufficient to rotate each shutter blade pinion one revolu- 
tion for each exposure. 

Referring to the lower view it will be noted that the 
Geneva driver is actuated by one end of a spring, the other 
end of which is anchored in a winding knob. This struc 
ture constitutes the master member. The post supports 
a ratchet in a stationary position, whereby the winding 
knob may only be turned in one direction—in this in- 
stance counterclockwise—in setting the shutter and in ten- 
sioning the master member to make an exposure. The 
Geneva driver includes a plate and sleeve which carries 
near the top an arm supporting the sleeve pin. This 
pin passes through the same path as the knob pin which 
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'N Tt CO 
PUSTRy ano HYAY cate 


RS in MECHANICA . 


There’s still a big job 
for all of us to do 


a MATTERS NOW except the swift and certain 
winning of the war. 

Through the prodigious production accomplish- 
ments of American industry, our men and our Allies 
have been able to swing the initiative in fighting 
to our side. 

To keep it...to continue a steady march on the 
bloody road to victory... we've got to give our 
men in the thick of the fight everything they'll need. 
And give it to them faster and faster! 

For you and for us there’s still a big job to be done. 
The history of the amazing production performance 
of American industry is still to be written. 

Every single man-hour, every bit of brain power, 


every ounce of industrial energy expended for any 


HYATT BEARINGS 
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purpose other than victory will damage the war effort. 

The entire production of Hyatt Roller Bearings 
now goes into planes our men fly... into tanks 
they drive...into ships they sail...into guns they 
man...into equipment they need to win. 

In the midst of pouring out a tremendous stream 
of bearings for this vital war use, we pause to again 
thank industry for its grand cooperation and under- 
standing, and for helping us meet war’s demands for 
super-precision production on a mass scale. 

As soon as the war’s won, and this job is done, 
Industry and Hyatt will have another big job to do 
together... when we can work in Peace. 

Hyatt Bearings Division, General Motors Corpora- 


tion, Harrison, N. J. 


slo 
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GENERAL MOTORS 
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Any Way You Look At It... 








... the superiority of 
Arkwright Tracing Cloths Stands Out! 


Some draftsmen select Arkwright Tracing Cloths 
because they take erasures so neatly . . . without smudg- 
ing, without wearing throvgh. Some draftsmen select 
Arkwright Tracing Cloths because they’re highly 
transparent —as a result of which they always make 
sharp, clear reproductions. But no matter what you're 
looking for . . . erasability, transparency, Arkwright 
Tracing Cloths always stands out. Try them! Arkwright 
Finishing Company, Providence, R. I. 








Rin 
Pinion J 


Trigger 


Disk 


Lug 
pin 
pin 
Geneva driver 
Winding Knob 


Ratchet 


Trigger releases spring-wound Geneva driver which attains 
high speed before engaging driven member, thus providing 
rapid shutter action 


forms a stop to prevent the knob from being overturned 
in winding. 

In the upper view the shutter is shown ready for the 
winding operation. The knob may be turned a single 
turn or one or more short turns as desired since rearward 
movement is prevented by the ratchet mechanism. Dur- 
ing winding, the knob pin passes away from the sleeve 
pin as illustrated since the Geneva driver is held in the 
position shown by means of a lug carried by the Geneva 
plate coming in contact with the end of the camera trig- 
ger. The trigger is pivoted upon a stud while a spring 
tends to hold the trigger releasing handle in an outward 
or operative position. Thus, the end of the trigger holds 
the lug and with it the Geneva driver against movement 
until the trigger is released. When the knob pin comes 
to a stop against the sleeve pin the shutter is fully set. 

To make an exposure the trigger is released by pressing 
in the direction indicated by the arrow, thus releasing the 
lug which, in the fully wound position, was in contact 
with the catch end of the trigger. This permits the 
Geneva driver to swing rapidly in a counterclockwise di- 
rection, gaining speed as it travels through approximate- 
ly 100 degrees, then engaging one of the slots in the 
Geneva driven member and moving it one step. 

It will be evident that if the trigger could be depressed 
and released ‘rapidly enough the lug would be all that is 
necessary to prevent the spring from unwinding. How- 
ever, since the exposure is extremely rapid it is impossible 
to rely on the end of the trigger returning to the path 
of the lug before the exposure is complete. Therefore, 
a second stop in the form of a hook is provided: on the 
trigger so that a second lug may be caught if the trig- 
ger is depressed and held down during exposure as is cus- 
tomary. 
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A resilient material Sa \ \ 
| for use between metal ae ‘ 

channels and glass or \ \ 
1ttains , " \ \ 
viding plastic panes. It must \\\S 

act as both seal and », \\) 

cushioning agent. It \\ \\ 
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\\ 
or the 
single 
rward ™ 
Dur- 
leeve 
a HERE’S THE SOLUTION: land cloth) holds the tape in posi- of types of equipment. They have 
in the p Pp yp quip y 
eneva Several cork-and-rubber mate- tion during installation . . . thus developed more than fifty special- 
| trig- rials, developed by Armstrong, speeding assembly. ized sealing materials. These ma- 
a0 : meet all the requirements of this ARMSTRONG'S SEALING SERVICE terials are available as sheet and 
holds problem. If you would like a sample of roll goods, die-cut gaskets, ribbon, 
ment These Armstrong Compositions the proper Armstrong Composition _ tapes, molded shapes, and extruded 
omes are permanently resilient, assuring for your channel application—or rings. Write for your free copy of 
i. tight, lasting seals. They have a for any other sealing job—send the descriptive booklet, “Arm- 
>ssin . 
g ‘ high cushioning value, protecting complete specifications to Arm- strong’s Gaskets, Packings, and 
ntact panes against crazing or cracking strong Cork Company. Seals.” Address Armstrong Cork 
; the in applications where vibration is Armstrong’s engineers have sup- Company, Industrial Division, 5101 
e di- a factor. They also take up the dif- plied the right seals for hundreds Arch St., Lancaster, Pennsylvania. 
nate- 
“se ferential in expansion between the 
metal and the plastic or glass. ~ 14° *@Q 
essed Channel strips made of these A R M Ss T rR @ N G ) 
at is materials are long-lived. They re- CPO 0 MOY OU OEE 
ow- , a 
sible on deterioration by liquids, sun- 
path light, and weather. Their cork con- 
fore, tent makes them truly compres- Synthetic Rubbers © Cork-and-Synthetic-Rubber Compositions * 
1 the : + a: . Cork Compositions ¢ Cork-and-Rubber Compositions 
te sible . . . aiding quick, snug fit of Fiber Sheet Packings © Rag Felt Papers © Natural Cork 
iets panes in channels. A factory-ap- * FORMERLY ‘*CORPRENE”? 
plied adhesive (protected by hol- 
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PRODUCTS 


Have you a postwar product—a patent or pat- 
ent zpplication—a fully-developed commodity 
with national volume sales possibilities that 
can be produced in whole or part from metal 
stampings? Write us about it now. 


More than a quarter century’s experience 
in the fabrication and assembly of metals of 
all descriptions, plus expanded facilities and 
skilled manpower, will enable us to manufac- 
ture and merchandise soundly-designed new 
products for peacetime demands. 


| $We will acquire the 
Design items selected by our 
Engineers: Postwar Products Com- 


mittee either by purchase, 


Send Geometric royalty or contract. 


your inquiries for 
stamped parts—in- 
form yourself about 
the economies of 
converting present 
castings and forg- 
ings to stampings. 
You may profit by 
our facilities and 
broad experience 
without obligation. 


If you know of a prod- 
uct that you believe we 
can manufacture to ad- 
vantage, please send 
complete information by 
letter, accompanied by 
blueprints, drawings or 
sketches. 








Your suggestions will be acknowledged. We 
will review them with care and interest, and 
arrange for a personal interview if we wish 
to consider them in detail. 


Please address: 


Postwar Products Committze 


THE GEOMETRIC STAMPING COMPANY 
1135 East 200th Street ® Cleveland 17, Ohio 


GEOMETRIC 
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ASSETS to a BOOKCASE 


Design of Machine Members 


By Alex. Vallance, chief designer, Reed Roller Bit 
Co., and Venton Levy Doughtie, professor of mech- 
anical engineering, University of Texas; published 
by McGraw-Hill Book Co. Inc., New York; 559 
pages, 5% by 8% inches; clothbound; available 
through MAcHINE DEsIcNn, $4 postpaid. 





True proficiency in machine design is not based solely 
on theory, nor for that matter on experience alone. Re. 
cognizing this basic fact, the authors of this book seek to 
point out the variations from theory required in practical 
applications. There can be little doubt that this approach 
is logical and of considerably more value to the practicing 
designer than are many purely technical treatises on the 
same subject. 

While the book is primarily intended to aid the young 
designer, there is much in its content which should also 
prove of interest to the experienced man. In an early 
chapter the subject of engineering materials is discussed 
with forthright competence and covers such pertinent con- 
siderations as strength, stiffness, ductility, toughness, re- 
silience, hardness, machinability, casting and forging 
properties, etc. Subsequent chapters deal with stresses 
in elementary machine members, all types of joining meth- 
ods, factors influencing the design of shafting, couplings 
and clutches, springs, brakes, various bearing types, many 
power transmission systems, and miscellaneous machine 
members. 


cs Fa) - 
Elements of Mechanical Vibration 


By R. C. Freberz and E. N. Kemler, professors of 
mechanical engineering, Purdue University; published 
by John Wiley & Sons, Inc., New York; 193 pages, 
53% by 81s inches; clothbound; available through 
MACHINE DEsIGN, $3 postpaid. 


An elementary approach to the solution of vibration 
problems through the use of the simpler forms of dif- 
ferential equations and approximate or mobility methods. 
In short, a treatise specifically designed to fit the needs 
of those not thoroughly versed in the most advanced 
phases of mathematics. 

After a preliminary dissertation which briefly presents 
the varied engineering applications of vibrations, the 
reader is acquainted with the nature of undamped vibra- 
tions. Here, the familiar spring and weight examples are 
employed for illustration and methods of solution are ex- 
plained. In the same section, problems concerning the 
manometer, pendulum, disk and shaft, etc., are dealt with. 

Ample consideration is given damped vibrations, such 
as the viscous-damped types, forced types and steady- 
state forced types. Further discussions present data on 
vibration of systems with several degrees .of freedom, 
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MOLDED CARBONS, GRAPHITES, 
METALS and COMPOSITIONS 


4 BRUSHES 


From the latest, most dependable high- 
altitude brushes to standard and special 
types for all rotating electrical equip- 
ment, Stackpole produces a complete line 
for original equipment manufacturers. 
Stackpole engineers are in constant touch 
with brush problems and will gladly make 
recommendations based on this broad, 
highly-specialized experience. 





proach 
cticing 
oa IRON CORES ) 


Recent Stackpole developments include molded Iron 
Cores for radio equipment operating at frequencies as 
high as 175 megacycles. Other Stackpole Iron Cores are 
available in a variety of grades and sizes for frequencies 
up to 50 megacycles. Molded from metal powders to 
match your specifications. 


4 POWDER METALLURGY 


Stackpole’s specialization in molded products has 
resulted in important progress in the field of molding 
solids from powdered iron, iron-nickel, and other 
metal powders. Few recent developments hold such 
great promise to so many industries as a source of 
easier-to-obtain, accurate, yet less costly components. 


CONTACTS ) 


Stackpole offers suitable contacts for 
ya cag almost every application—from the 
tings © Anodes @ a fea 
nostlectrodes © various silver compositions to dozens 
Packing, Paces of special alloys. Equally important 
1 Ri ; ; i i 

a ie We in is the Stackpole engineering service 
that not only helps you select the 

Electronic Components ° if 
Fixed and Variable right contacts, but, if necessary, 
Resistors © adapt your equipment to utilize them 


Iron Cores @ e 
Line Switches, ete. most efficiently. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 
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Long-Range 


"BOMBER ESCORT’ 


i 


Whether destined to accompany bombers through frigid 
skies high over Germany, or to fight off Jap Zeros over tropical 
New Guinea... every P-47 leaves Republic’s assembly line 
equipped throughout with Linear “PAR” Packings. 


Wherever a dependable, high-pressure seal is required— 
in shock-absorber struts, in brakes, in retracting mechanisms 
and other hydraulically controlled parts—these precision- 
ground synthetic packings are playing their small but vital 
part in making the “Thunderbolt” one of our most effective 
“bomber escorts.”’ 


Ever since it first became evident that improved designs and 
compositions for packings were needed to meet global combat 
flying conditions, Linear has concentrated on the job of 
developing and providing them. 

Today, Linear is supplying “PAR” Packings to practically 
all the country’s leading plane manufacturers. Tomorrow, 
when military demands relax, “PAR” Packings will be avail- 
able to manufacturers of hydraulically operated peacetime 
products. Samples and engineering consultation avail- 
able now! 


LINEAR PACKING & RUBBER COMPANY 
State Road & Levick Street 
TACONY, PHILADELPHIA 35, PENNA. 


AAAAAANAANAAANNAARAAA 
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vibration isolation and absorption, equivalent systems 
the mobility method, and mechanical and electrical mod. 
els of vibration systems. 

Drawings and graphs are generously employed 
throughout and an up-to-date bibliography is included. 





wo. 


Studies in Arc Welding 


Published by The James F. Lincoln Arc Welding 
Foundation, Cleveland; 1295 pages, 5% by 8% inches, 
clothbound; available through MacuHINe DEsIcN, 
$1.50 postpaid. 


Based on studies conducted by 113 authorities in the 
welding field, this book comprises 98 of the most sig. 
nificant award papers in the 1940-42 program of the 
James F. Lincoln Arc Welding Foundation. 

Are welding techniques as applied to the fabrication 
of a wide variety of mechanical structures are thoroughly 
elucidated, each award paper serving, for all practical 
purposes, as a case history of a specific project. 

Emphasis is accorded influencing design factors such 
as: Strength calculations, economy of materials, time sav- 
ing, facility of production, durability, weight comparison, 
etc. Most of the chapters are capably illustrated and the 
pertinent engineering data supplied are clearly rendered. 

Data included applies to a wide variety of equipment 
used in fields classified as: Automotive, aircraft, railroad, 
watercraft, structural, furniture and fixtures, commercial 
welding, containers, and machinery. 


2 i... 


Plastics 


By J. H. DuBois, B. S., Plastics Department, Gen- 
eral Electric Co.; published by American Technical 
Society, Chicago; 435 pages, 8% by 5% inches, cloth- 
bound; available through MACHINE DesIGN, $3.75 
postpaid. 


This book, an- expansion of a previously published text, 
gives the practical design man what he wants to know 
about plastics. Commendably, its author recognizes that 
the man who uses plastics for machine parts is primarily 
concerned with what he can do with the materials and is 
not particularly anxious to become a chemist. 

While the chemical constituency of the various plastics 
is explained, the treatment afforded this phase of the 
subject is fittingly brief. Emphasis is placed on the “how 
to use” and “what to use for” angles 

Chapters dealing with the many thermosetting and 
thermoplastic materials are followed by descriptions of 
molding techniques, factors influencing materials selec- 
tion, designing with plastics, low pressure laminating, 
trends and developments, and a separate chapter on syn- 
thetic rubbers. 

Replete with illustrative photographs and drawings, 
the book also includes many charts to acquaint the reader 
with the properties and characteristics of the materials 


| described. 
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DD the extra advantages of Worth- 
ington QD Sheaves to the well-known 
superiority of Goodyear EC Cord Belts, 
and it becomes apparent why machine 
designers, engineers, foremen, and me- 
chanics from coast to coast are enthusias- 
tic about Worthington Multi-V-Drives. 
QD (‘Quick Detachable’”’) Sheaves — 
with split hub and tapered fit 
— can be put on or taken off 
Ess ... by a man (or a woman) 
co and awrench. . . in 60 seconds. 


wtuote 


— Ss <—F ae 4 
SII 


WORTHINGTON PUMP AND MACHINERY CORPORATION, HARRISON, N. J. 
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Tapered friction drive and positive press 
fit. Vari-sized rims fit same hub. 

Goodyear’s contribution to Worthing- 
ton Multi-V-Drives’ superiority is the 
V-Belt having the unique feature of 
double-paralleled rows of low-stretch, 
high-strength cords in the heavier sizes. 

For further information, write or call 
the Worthington Multi-V-Drive dealer 
or the nearest Worthington district office 
in your territory. 

Use the coupon below — today. 








Split hub for easy mounting or 
removal from shaft. 


PE Tapered fit between hub and rim 
for easy mounting or removal of 
rim from hub. 


3 Pull-up bolts for tighter fit of rim 
on hub. 


Tapped holes in rim in which 
bolts act as jack screws for easy 
removal of rim from hub. 


5 Cap screw holds hub in position 
on the shaft when mounting or 
changing sheave rim. 


WORTHINGTON 


—_ ELASTIC ENVELOPE 
—_ TAKES THE WEAR 


HIGH COMPRESSION 
SECTION 





[ease eee ee ee ee ee eB ee eee eee 


Standard Products Division 

Worthington Pump and Machinery Corporation 
Harrison, N. J. 

Please send me literature describing in detail 
the advantages of Worthington Multi-V- 
Drives, with QD Sheaves. 


PPT ETT TTT LT LL 


Perr eee 5 od aad Se bee > ween 


ee ee ee 
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This 


HEINEMANN 


MAGNETIC 


CIRCUIT BREAKER 


its ' 
pare chanical Heal 








This 
MECHANICAL 
HEART 


(or Latch Mechanism) 
Does Double Duty 


No. 1—It opens breaker with least mechanical delay 


When the armature engages the lower leg of the lock (a) 
it rotates the lock enabling the tooth of the catch (b) 
to pass through the cut portion of the lock (c), thereby 
breaking the toggle and releasing the contacts which are 
under heavy spring pressure. Of all known latches, this 
mechanism operates with the least amount of friction. 


No. 2—It opens breaker independent of handle operation 


The relative position of the catch to the carriage remains 
the same as in Fig. 1 whether the handle is in the “on” 
position or turned to the “off” position, when the contact 
is broken manually. The latch collapses only under over- 
load or short circuit conditions—and if does that even 
if the handle is purposely held in the “on” position. 
Fig. 2 shows the latch on its way to the collapsed position. 


Send for Catalog 40 showing full line 


HEINEMANN CIRCUIT BREAKER C0. 


Subsidiary of Heinemann Electric Co. 


Est. 1888 


113 PLUM STREET TRENTON, N. J. 
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Induction Heating Machine 


(Concluded from Page 139) 





characteristics of the circuit. Design features are the same 
as those incorporated in the water-cooled gaps except 
that cooling is effected by the forcing of air through 
copper fins. These fins are soft-soldered into the brass 
castings after brazing of the tungsten surfaces. 
Accessory features included with this type of machine 
are the quench rings and rotating device for hardening, 
Original design included quench rings made of brass cast- 
ings. One of these took the form of a channeled circular 
ring and to its outer diameter was brazed a flat brass ring. 
Holes were drilled on the inner diameter to provide the 
water spray, and a base to support the ring was made 
from cast aluminum. To obviate the necessity of a base 
for every ring, mounting holes were drilled at various in- 
tervals on the base to accommodate various ring sizes. 
Because of the difficulty in procuring critical materials 
such as brass and aluminum, a substitute material had to 
be found for the quench rings, and molded plastic offered 
a logical solution. Design of these plastic rings is funda- 
mentally the same as for the brass rings. The channeled 
circular part was molded first, and after it became hard 
the top ring was molded to it, making a solid unit. The 
spray holes were drilled with a templet after molding. A 





Woter Connections 
To Quench Ring 





Fig. 7—Heating and quenching unit shown mounted in 
utility cabinet 


corresponding base for the ring was molded from plastic 
material and this base also served for three different sizes 
of rings. 

Applications of this type of heater cover a wide field, 
such as hardening, brazing, soldering, tempering, forg- 
ing, annealing, and melting. Type of work that can be 
done is restricted only by the capacity of the machine. 
A variety of work coils is employed to accommodate 
different applications, the coils being made to suit the 
specific work to be done. These coils are made from 
copper tubing, ranging in size from %-inch for small coils 
to 5/16-inch for large size coils. All such coils are water- 
cooled, and last indefinitely when properly used. Any 
one of them can be attached to the unit merely by con- 
necting it to the output leads of the converter. 
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TRADE MARK 





Make all the brown 
print negatives, blue 
or blackline prints 
you need from the 
PHOTACT. They’Il be 
clearer, more legible. 


The new way to greater legibility in negatives 
' and prints—that, safeguards costly originals 
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You can seldom get really satisfactory results 
on ordinary reproduction materials from a 
pencil original, even when it is new. When it 
has been handled, smeared and blurred, the 
negatives and prints are cloudier still. An extra 
tracing drawn in ink is too costly. 


PHOTACT is your answer. PHOTACT Jines 
are ink-intense. It takes only a few minutes to 
make a tracing paper or cloth PHOTACT from 
your pencil original. 


Make all your brownprint negatives and blue 
or blackline prints from your PHOTACT. 
They’ll be far stronger and more legible than 
any made direct from even a brand new pencil 
original. 


As for your valuable pencil original—file it 
away. Keep it safe from wear and dirt. 
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PHOTACT Papers and Cloths are distinct and 
different from any other reproduction material 
in general drafting room use. PHOTACT emul- 
sion reproduces pencil drawings with opaque 
lines of uniform ink-intensity. They won’t 
smudge. Of course, they’ll last far longer than 
a pencil original. 
For complete information about PHOTACT, write: 
PHOTACT DEPT., KEUFFEL & 


ESSER CO., Third & Adams Sts., 
Hoboken, N. J. 


EST. 1867 


KEUFFEL & ESSER CO. 


NEW YORK - HOBOKEN, N. J. 
45 
CHICAGO «+ ST. LOUIS + SAN FRANCISCO - LOS ANGELES 


DETROIT . MONTREAL 
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They like it / 


Yes sir! AMERICAN HEAVY DUTY ROLLER BEARINGS are 
made to take all you can give them—and more! Put them 
to the most abusive, gruelling service you can think of .. . 
in the heaviest, most powerful equipment built . . . and 
they'll carry the load smoothly and easily, with minimum 
maintenance for maximum periods, often outlasting the 
equipment itself. No wonder AMERICAN HEAVY DUTY 
ROLLER BEARINGS are specified by most major manu- 
facturers and designers of heavy industrial machinery. 


Write today for complete engineering data 


AMERICAN ROLLER 
BEARING COMPANY 
Pittsburgh Pennsylvania 


Pacific Coast Office: 
1718 S. Flower St., Los Angeles, Calif. 
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Brazing 







(Continued from Page 123) 


while it is easy to maintain accurate temperature control, 
It is necessary that the bath be large enough so that ther 
is no appreciable temperature drop when the cold parts jp 
their fixtures are first introduced into the bath. 

Shown in Figs. 13, 14, 15 and 16 are some brazed a5. 
semblies which illustrate well some of the interesting de. 
signs made possible by brazing techniques. The over. 
running clutch part in Fig. 13 was formerly machined oyt 
of a solid 1%-inch bar on a 2-inch automatic screw me 
chine, after which the splines and drilled holes were cut 
With 7000 to 8000 parts required per day, the whole 
procedure was relatively slow and costly. An improved 
method was subsequently employed in which a 1%4-inch 
collar was upset on a one-inch bar, which saved som 
machining but was still slow. 











Improved Fabricating Technique Described 


Using the copper brazing process, the present method 
of fabrication is as follows: The clutch end of the part, 
including a small hub adjacent to the clutch, is machined 
from 1%4-inch bar stock and reamed to accept the stem 
portion of the assembly, which is produced from tubing. 
The parts are pressed together and a ring of 18-gage cop 
per wire is applied to the stem adjacent to the hub of the 
clutch portion, after which the assembly is passed 
through a continuous brazing furnace where the copper 
melts and flows into the joint. Following the brazing 
operation, the part is carburized to produce a case of 
approximately 3/64-inch depth, then hardened by 
quenching in oil from 1475 degrees Fahr. and tempered 
at 900 degrees. 

Selected paits are tested by locking the clutch end ina 
fixture and applying a torque load to the stem end 
through an adapter. The normal result is that the stem 
breaks off adjacent to or away from the brazed joint, but 
never within the brazed joint, indicating strength equal 
to that of the solid part. The use of copper brazing i 
the production of this particular unit effected a saving of 
approximately five cents per part. 





Example Illustrates Preplacing 


Another brazed assembly is shown in Fig. 14. The 
crankshaft is assembled from two side plates and two pis 
pressed together, copper brazed and cyanide hardened. 
Grooves cut in the pins hold the preplaced copper wité 
during assembly and heating. The brazed unit is theo 
pressed on to the driveshaft, drilled and pinned. 

The part shown in Fig. 15 is a steel housing used 
tank guns as part of the firing mechanism. It is made by 
brazing together a machined steel cup and a forged sted 
saddle, the brazing operation being completed in about @ 
minute with a gas torch and using about 2%-cents worth 
of silver brazing alloy and flux. The surface of the saddle 
is first brushed with paste flux then strips of alloy .005— 
inch thick are placed on the wet flux. Cup surface 8 
then fluxed and the parts placed together in an inverted 
position so that the cup rests on the inverted saddle. Fol- 
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CONNECTOR ITEMS 
NOW—EACH A STANDARD 
CANNON PLUG 





Cannon has developed and built 
countless specialized connectors 
to meet the specific needs of many ¢ 
industries including aviation, radio, 
power and motion pictures. 

Today these once special items 
are Standard Cannon Plugs. They 
are available in many variations for 
any industry that has a problem in 
complex and concentrated wiring. 

If you have a corner to cut or a 
schedule to beat in the radio, in- 
strument or general electrical fields 
it is more than likely that a Cannon 
Connector will meet your special 
needs. Write, telling us your prob- 
lem, and we will supply catalogs 
and bulletins explaining 
the Cannon line in detail. 


CANNON ELECTRIC 


Cannon Electric Development Co., Los Angeles 31, California 


ELECTRIC 





Canadian Factory and Engineering Office: 
Cannon Electric Company, Limited, Toronto, Canada 
~ 


REPRESENTATIVES IN PRINCIPAL CITIES — CONSULT YOUR LOCAL TELEPHONE BOOK 


ond 


















lowing the heating and brazing of the assembly, excess 
| flux and oxides are removed by pickling. 
| How weight can be saved through the use of brazed 
| steel assemblies is well demonstrated by the automobile 
| clutch-gear bearing retainer shown in Fig. 16. The mal. 
| leable casting at left weighs 2.5 pounds and after ma. 
chining weighs 1.5 pounds (center). The new construc. 
tion, right, which replaces it, using steel tubing and 4 
stamping copper brazed in a controlled-atmosphere elec. 
tric furnace, weighs only half a pound. 

The foregoing examples will indicate to the designer 
some of the possibilities of brazing as a method of eco. 
nomically producing machine parts. Manufacturers of 
brazing equipment, supplies and materials have gained 
wide experience in assisting with the development of 
such parts, and will be found ready to share their knowl. 
edge and skill in solving new problems. 

MacuinE Desicn is pleased to acknowledge the coop- 
eration of the following companies in the preparation of 
this article: Boice Crane Co. (Fig. 14); The Electric 
Furnace Co. (Fig. 13); Eutectic Welding Alloys Co,; 
General Electric Co. (Fig. 16); Handy & Harman (Figs. 
9, 10 and 15); Induction Heating Corp. (Fig. 11); The 
Ohio Crankshaft Co. (Fig. 12); Westinghouse Electric & 
Manufacturing Co. (Fig. 8). 





KETTERING on Inventors 
(Concluded from Page 112) 


spring, as furnished by eight or ten steelmakers, broke 
at about the same time—a couple of thousand cycles. That 
checked very well with the formula. Then we asked each 
one of the steel people to run a test and see how they 
checked, and they checked about the same thing; in other 
words the formulas and the experiments agreed. 

Then we gave some more samples a simple treatment 
of surface peening, using little steel balls—shotblasting, 
or whatever you want to call it. Those springs didnt 
break at two million cycles. Now, that is why we ques- 
tion formulas, because that is quite a gain in per cent. 
We don’t know what it does. All we know is that it is 
effective, but we think we have now got the science of 
it worked out. 

In all these things we never get discouraged—because 
it takes a number of years from the time you start a 
thing before you get it finished. The psychology of the - 
presentation of an invention, which I said some technical 
fellows are so poor at, is as important as the technical. 
Even as far removed from sales and all that kind of 
stuff as our research laboratories are, I still think that 
we are about 40 per cent technical and 60 per cent psy- 
chological. 

Therefore, we have to teach these boys how to get along 


| with people, especially when they are working on a new 


“What the hell 


thing and everybody comes in and says, 
We have 


are you doing that for? That is no good.” 
to keep their spirits up under those conditions. 

So we believe that we can even take educated young 
men and teach them to be inventors, without ruining theif 
education. We teach them to make as much out of the 
thing that they know—their chosen profession, theit 
chosen line—as they can, without having to fake the 
idea that they are superhuman individuals. 
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In the early days, this was 
the peak of streamlining. 


STREAMLINING! 


vom Streamlining adds more than 
Crise beauty. For years, Reliance engi- 
== neers have pioneered in stream- 
lining electric motor-drives—for utility 
and efficiency. 
Among recent developments are axial-flow 
fan motors, close-coupled pump motors, 


V*S Adjustable-speed Drive. These and 


in many highly efficient installations 
where space is limited . . . where flexi- 
bility of power control and ease of 
operation are essential . . . where safety 
is a prime factor . . . and trim appear- 
ance desirable. 

For further advantages of streamlined 


motor-drive and practical design sugges- 


other Reliance Motors are being used tions, call in a Reliance man. 











Reliance Splash-Proof D-c. Close-coupled Pump Motor. 
Pump is mounted right on the motor shaft—eliminates 
misalignment, saves space; fewer parts, less maintenance. 


RELIANCE“, MOTORS 


RELIANCE ELECTRIC & ENGINEERING CO. 


1088 Ivanhoe Road . Cleveland, Ohio 


Birmingham « Boston * Buffalo * Chicago « Cincinnati * Detroit * Greenville (S.C.) * Houston » Los Angeles * Minneapolis 
New York * Philadelphia « Pittsburgh * Portland (Ore.) * St. Louis * San Francisco * Syracuse * other principal cities. 








ai. 
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STEPS UP PRODUCTION 


Are your machines set at too slow a speed to meet 
today’s production demands? Investigate the Speed- 
master, the modern Variable Speed Control that 
provides a versatile range of speeds, 6 to 1 ratio. 
A turn of the hand wheel changes speeds instantly, 
without work stoppage. Free floating pulley aligns 
belts automatically and insures long belt life. 3 
sizes, 9 different types. 


Consult our Engineering Dept. today about adapting 
Speedmasters to your machines. Ask for interesting 
Speedmaster manual. 








THE SPEEDMASTER Co. 


1202 THACKER STREET DES PLAINES, ILLINOIS 





IEE SPRING COMPANY, Ime. 


30 MAIN STREET BROOKLYN,NY. 


Ask Abeut SCIEN] cH Spring Service 











Self-Contained Units 


(Continued from Page 119) 


the CRT2 contact marked “closed, returned”, and thence 
through the “transfer set-up relay contacts” to relay num. 
ber one. 

These transfer set-up relay contacts will be closed only 
when all the machining heads have completed their work 
cycles. In other words, should one of the heads fail to 
advance fully, perform its machining operation and re 
turn to its “back” position, its relay contact will be open 
and the circuit to relay number one will not be completed, 

As explained previously, the locator pins are actuated 
by hydraulic cylinders, the four-way valves of which are 
controlled by solenoids. In this case current will pass 
through the contacts of relay number one to the energiz 
ing coils of the locator pin solenoids. Thus the locating 
pins will be withdrawn from engagement with the fixtures 
and the machine is ready to perform its next operation— 
the transference of all loaded fixtures to succeeding ma 
chining stations. 


It will be seen that, were the “transfer set-up relay con 
tacts” not in the circuit just discussed, it would be pos 
sible for the machine to pass the loaded fixtures through 
out the complete operational circuit of the machine with 
the part lacking one of the machining operations. 

Path taken by the current to reach coils of relay num 
ber two is identical to that previously employed up to the 
two-line juncture immediately past the normally closed 
contact CRT2 marked “closed, returned”. 

With the locating pins out of engagement with the fix 
tures, the current is free to pass through the closed com 
tacts marked CRL1, CRL2, etc. Before reaching relay 
number two, the current must pass through contacts 
CRS1 and CRS8. The first of these will be closed only 
when loading station number one is loaded with a fixture 
while the second remains closed only when machining 
station number eight is empty. 


Necessity for these last two contacts will become ap- 
parent upon considering the locations of stations number 
one and eight. Number one is at the front left-hand 
corner and number eight is at the rear left-hand corner. 
Since loaded fixtures are moved by the transfer bar from 
the front to the rear of the machine, should station eight 
be loaded and the transfer bar be advancing, there would 
be a collision of fixtures at this station. In the case of 
station number one, if it were empty when the transfer 
bar advanced, all machining operations throughout the 
entire circuit of the machine would be utterly wasted, 
since no part would be present to receive them. 

With current feeding through number two relay to the 
valve-actuating solenoid of the transfer-bar hydraulic cyl 
inder, the transfer bar will be propelled to its advanced 
position, moving the loaded fixtures along with it to the 
next machining station. 

With all seven loaded fixtures along the left-hand side 
of the machine at the machining stations, the locating 
pins must be brought into engagement with the bushing 
holes on the undersides of the fixtures. Simultaneously 
the fixtures will also be clamped in place. To set these 
operations in motion requires that relay number three be 
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A customer making aircraft com- 
plained about some screws and sent 
us a batch of them. One look and we 
saw that they were not ours. The con- 
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WHEN SPECIFICATIONS CALL FOR... 


3 .* Corrosion Resistance 
Bf oe Light Weight 
| e Pressure Tightness 


e Extreme Flexibility 


= * High or Low Temperatures 


“% mi Mf i ae 


Stainless Steel 
Flexible Tubing 











When corrosion, high temperatures or excess 
weight are factors to be combatted in product 
design, REX-FLEX stainless steel is the ideal 
flexible tubing to use on the job. This tubing is 
light, strong, gastight and manually bendable in 
multiple planes. It is available in long lengths, in 
5 wall forms, braided or unbraided, sizes range 
from %” to 5” I.D. inclusive. Fittings are re- 
sistance seam welded to form uni-metal assem- 
blies. If you have a problem involv- 
ing flexibility, vibration or kindred 
service, our engineers will show you 
how Rex-Flex can do the job better. 
Write for engineering informa- 
tion on special applications. 
C.M.H. STAINLESS STEEL BELLOWS 


Seam welded fittings, available for 
all types of industrial applications. 





Chicago Metal Hose Corp. 


Maywood, Illinois 











energized. Once again, starting at “B” on the schemat 
diagram, the same circuit is traversed up to the juncty 
between contacts CRT2 and CRTF2. From this junct, 
the current feeds through the cycle relay CRC and aly 
through contact CRT2 marked “closed, T2 advanced” 4 
relay number three. Here again, as was the case wi 
relays number one and two, current from the relay ser, 
to energize hydraulic-cylinder valve solenoids. This time 
of course, hydraulic pistons drive the locator pins int 
engagement with the fixtures and also actuate the fixtuh 
clamps. 







Subsequent operations. numbered 4, 5, 6, 7 and 8 bring 
the machining heads forward at the same time the tray. 
fer-bar pins or fingers are moved down out of engagemer 
with the slots in the undersides of the fixtures, move th 
transfer bar to its “neutral” and then to its “return” pos. 
tion, and turn the transfer bar fingers to their “up” pos. 
tions where they are once again engaged with the fixtur 
slots. 


Circuits Are Interlocking 


By tracing the circuits which control each of these op 
erations it will be seen that, in all cases, the circuits ca 
be completed only after previous operations have been 
performed. 

All of the control relays, 129 in number, are mounted 
on the main control panel shown in Fig. 6. This pand 
also contains sixteen time relays, twenty-three moto 
starters and a step-down transformer. For driving pumps 
and spindles, twenty-three motors are employed through 


‘out the machine along with fifty-six solenoids for actuat- 


ing the hydraulic cylinder valves and ninety limit 
switches. 


In spite of the “foolproof” interlocking circuits just de 
scribed, there is always present the possibility of a hy 
draulic unit, electrical contactor, switch, etc., becoming 
fouled, thus interrupting the operating cycle. Without 
some convenient means of quickly determining the exact 
spot at which trouble develops, the job of tracking down 
the offending units would be extremely laborious. 

By means of the “trouble-shooting” pushbutton cabinet 
shown at the front left-hand corner of the machine % 
illustrated in Fig. 1 and separately shown in Fig. 7, di 
ficulty arising at any point on the machine can be located 
almost instantly. For example, if a transfer bar does not 
assume its correct position at a given time in the operat 
ing cycle, one of the lights—grouped in twos on the black 
portion of the cabinet panel—will go out, indicating 
the machine’s operator the exact spot at which trouble 
has developed. 

Being quite large, the base structure of this machine 
did not lend itself to one-piece construction. It is made 
up of a number of castings bolted together. In designing 
these individual castings the designer was required 
give due consideration to a number of influencing factors. 
For one thing, size of the machine tools used for finishing 
the castings imposed a definite limit on their overall di- 
mensions. Again, spacing of the spindle stations had 
be taken into account. Finally, the individual castings 
along with other component parts, had to be shipped 0 
railroad flat cars, the width of which imposed a third size- 
limiting factor. 
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DOWMETAL 


Aircraft valve block cast in permanent "=< 
mold from Dowmetal Magnesium Alloy. ~—= 


A DOW MAGNESIUM SERVICE— 


@ A modern permanent-mold foundry 
is an important unit of Dow's complete 
fabrication facilities for supplying you 
with Dowmetal Magnesium Alloys in 
all fabricated forms. 

Complete production equipment, com- 
bined with laboratories for X-ray and 
metallurgical control, make Dow a pre- 
ferred source for sound and accurate 
permanent mold castings. 


Dow’s intimate technical knowledge, 





PERMANENT MOLD CASTINGS, COMBINING ECONOMY WITH 
SURFACE SMOOTHNESS AND CLOSE DIMENSIONAL TOLERANCES 


gained through long experience, places 
it in a strong position to produce mag- 
nesium products in this and all other 
forms of fabrication. Consult Dow as 
the recognized source of information on 
the fabrication and uses of Magnesium 
—the Metal of Motion. 
MAGNESIUM DIVISION 

THE DOW CHEMICAL COMPANY 
MIDLAND MICHIGAN 


New York, Boston, Philadelphia, Washington, Cleveland, Chicago, 
St. Louis, Houston, San Francisco, Los Angeles, Seattle 
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HAIRLINE PRECISION 
for Air-Line Duty! 





Photograph courtesy of Pan American World Atrways 


* Though they occupy only a fraction of airplane space, 
Witco Contacts and Thermometals mean much to pre- 
cision flight. 


* Either paired with the correct WILCO THERMOMETAL, 
or used alone, Witco Aeralloy Aircraft Magneto Con- 
tacts are doing their part to assure smooth airplane per- 
formance through their own unfaltering performance 
under gruelling conditions in aircraft magnetos. 


* WiLco THERMOMETALS (thermostatic bimetals) are 
used for engine oil controls, compensation in voltage 
regulators, and dependable action in other precision 
instruments. 


* WiLco THERMOMETALS are also used in various in- 
struments for the Army and Navy—and WiItco Elec- 
trical Contacts in tank, gun and ship applications. 


* A SINGLE SourcE oF SupPLY—WILCo facilities per- 
mit manufacturing customers to secure both electrical 
contacts and thermostatic bimetal from a single source. 
This is important, for materials from these two groups 
are frequently used in conjunction, as parts in the same 
device. The most effective use of one necessitates a 
knowledge of the other. Witco sales and engineering 
representatives are familiar with both Electrical Contact 
and THERMOMETAL application. Send us your problem 
for analysis. 


Witco Propucts Are: Contacts — Silver, Platinum, 
Tungsten, Alloys, Powder Metal. Thermostatic Metal 
—High and Low Temperature with Electrical Resistance 
from 24 to 530 ohms per sq. mil,-ft. Precious Metal 
Collector Rings—F or rotating controls. Jacketed Wire 
—Silver on Steel, Copper, Invar, or other combinations. 


THe H. A. Witson CoMPANY 
105 Chestnut St., Newark, N. J. 
Branches: Chicago * Detroit 
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Choosing the Right Material 
(Continued from Page 133) 


Heron, Harder and Nestor?® comment on the satisfac. 
tory application in aircraft engine exhaust valves of har 
steels with Izod notched-bar impact values of less than 9 
foot-pounds at room temperature, in spite of an earliey 
statement by Aitchison’! that high impact resistance js 
needed, but they draw an interesting distinction between 
material with around .5 foot-pound and that which js 
“glass brittle”. They bar “exceedingly brittle” materials 
but do not attempt to pick any specific impact figure as 
a dividing line. 

It would be unfair to class cast iron as a glass-brittle 
material, for it has a kind of toughness, and various cast 
irons have various degrees of toughness as indicated by 
deflection in the transverse test and by impact tests on 
unnotched bars. When shock is not involved in service 
cast iron is not handicapped but, when it is involved, as 
in the case of a “near miss” of a bomb falling near a ship 
with cast iron valves and fittings in its piping, the cast 
iron parts may shatter and a tougher material has to be 
used. 

Malleable cast iron is a material in which single-blow 
notched-bar impact tests give figures that do not indicate 
much toughness. Yet malleable is used in tank track 
guides and in brackets for 3-inch guns, among many 
other applications where toughness appears important. 
Frye? illustrates the battering that malleable endures in 
some ordnance applications. The malleable producers 
evaluate their product by repeatedly dropping a 21-pound 
tup falling 31/3 feet, thus producing 70 foot-pounds at 
each blow, on a wedge l-inch wide, %-inch thick at the 
butt, 1/16-inch thick at the tip, curling it up into shape 
reminiscent of the dandelion curls the kids make. The 
test is carried to thirty blows if no crack results, or stopped 
at the first crack. 

A comparison of results from this test and from the 
regular Charpy notched-bar single-blow impact test is 
shown in Fig. 15 for a regular malleable iron, as received. 
It’s the notch, rather than the impact, that is to be 
avoided. 

In spite of having only a fraction of a foot-pound 
notched-bar resistance, zinc-base die castings are used in 
shock absorbers on Army jeeps. If engineers had in- 
sisted on high ductility and high resistance to impact 0 
a notched-bar and, hence, had disregarded the possibili 
ties of zinc-base die castings, they would have cut them- 
selves off from great savings in production obtained 
through the ability of the alloys to be die cast with very 
small dimensional tolerance, so small that no machining 
at all is required on many parts. 

Annealed stainless steel of the 18-8 type is not injured 
by low temperature. An 18-8 steel gave the results 
shown in TABLE V for a water-quenched (“quench-a0- 


1° Heron, S. D., O. E. Harder and M. R. Nestor—“Exhaust_ Valve Ma- 
terials for Internal-Combustion Engines”, Symposium on New Mater- 
ials of Transportation. Proceedings A.S.T.M., Vol. 40, 1940, Pases 


11 Aitchison, L.—‘Valve Failures and Valve Steels in Internal-Combus- 
tion “Engines” Proceedings Inst. Auto Eng. (London), Vol. 14, 191% 
1920, Pages 31-72. 

2Frye, J. H.—‘Malleable Iron Castings in Ordnance, The Foundry. 
Voi. 71, Sept. 1948. Pages 102-104, 162-163. 
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Do You Need Hammer |. 
Forgings or Upset Forgings? 
Capacity is now available at Kropp 
Forge for hammer (flat die) forgings— 
large or small, singly or in any quantity; 
also for upset forgings up to 5" in size. 
The completion of part of our war 
assignment has released these facilities 
for those with adequate priority ratings. 

If you need forged bars, blanks, rings, 
axles or other hammer-forged parts—or 
upset forgings—Kropp is prepared to 
start production on your order as soon as 
the steel is evailable. 

Call the nearest Kropp engineering 
representative, or send your blue prints 
with complete details direct for imme- 
diate quotation. 

(Our drop forging capacity is still 
completely scheduled for some months 
in advance on essential war orders.) 


KROPP FORGE COMPANY 


5301 W. Roosevelt Road 
Chicago, Ill. 


Makers of Drop, Upset and Hammer Forgings 
"World's Largest Job Forging Shop” 


ENGINEERING REPRESENTATIVES 


Milwaukee Moline, Ill. Tulsa 
Indianapolis Seattle Houston 
St. Louis Pittsburgh Dallas 
Denver Cleveland Montreal 
St. Paul New Orleans Toronto 
Birmingham Detroit Winnipeg 
Atlanta Hartford, Conn. Vancouver 
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Stretch straightening of strip brass or 
aluminum is handled rapidly and efficiently on 
this Medart Stretcher-Leveler, with the clamping 
action provided with a Hannifin air cylinder, and 
the stretching pressure applied with a Hannifin 
hydraulic cylinder. The clamping air cylinder is a 
12 inch Model BR clevis mounting type with 6 
inch stroke, providing smooth, powerful clamp- 
ing action. The stretching action is provided by a 
6% inch hydraulic cylinder, 12 inch stroke, with 
cushioned head end, designed for 2000 lbs. work- 
ing pressure. 

Hannifin cylinders are precision built, to match 
modern machine tool design. Cylinders are bored 
and honed, to provide a smooth, precision cylin- 
der interior for efficient piston fit and maximum 
power. 

Write for cylinder bulletin 62-MD, giving com- 
pact tables of both pneumatic and hydraulic 
cylinder dimensions. 


HANNIFIN MANUFACTURING COMPANY 


621-631 South Kolmar Avenue’ °e Chicago 24, Illinois 


HANNIFIN 








nealed”) low carbon 18-8, and for an annealed 18-8 with 
molybdenum. 

Wiester!* states that the chromium-manganese and 
high manganese types of austenitic steel are as impact 
resistant at liquid air temperature as the nickel-chromiyn 
type. 

The increase in tensile and yield strengths at low tem. 
perature is characteristic of metals and alloys in general, 
Copper-base, nickel-base, and aluminum-base alloys 1. 
tain much or all of their tensile ductility at low tempera. 
tures, in spite of the increase in strength. Their notched. 
bar impact resistance also tends to remain close to the 
room temperature level. They appear even better mate. 
rials of construction at low than at normal temperature, 
Magnesium-base and zinc-base alloys may decrease some- 
what in tensile ductility ,and the already low notched-bar 
values may also decrease, as the temperature is lowered, 

The nonferrous materials, as a class, appear capable of 
considerable cold working without becoming tempera. 
ture-sensitive in tensile ductility or notched impact. 

It is the ordinary structural and heat-treatable steels 
whose response to the. type of applied stress, and whose 
alteration in the ratio of shear strength to cohesive 
strength through cold work or through lowering of tem- 
perature, results in brittle behavior. The original room 
temperature ductility and notched-bar impact figures of 
the ordinary steels are decreased by factors that increase 


TABLE V 


Effect of Low Temperature on 18-8 Stainless 


Temper- Red. 
Condition ature Tensile Yield Elong. Area Impact 


(F) (psi) (psi) (%) (%) ( ft-lb) 

Water f 70 99,000 85,000 56 78 150-166 
quench =} —105 179,000 50,000 86 70 117-185 
patos f 70 102,000 52,000 42 72 67-78 
) —105 153,000 73,000 51 68 69-90 


hardness, such as high-carbon content, cold work, low 
tempering temperature, after-quenching, etc. But the 
tensile ductility and the notched-bar behavior do not nec- 
essarily go down hand in hand as the temperature is low- 
ered. Indeed, the tensile test usually shows almost as 
much tensile ductility at —240 degrees Fahr. as at room 
temperature, though at —320 degrees Fahr. it may fall 
to under 5 per cent elongation or reduction of area, or 
may continue to remain nearly as high as at room tem- 
perature. 

A sharp drop in the value returned by the conventional 
notched-bar test may, however, occur at only moderately 
low temperature, as is shown in Fig. 16. The sharp drop 
is accompanied by a change in the appearance of the 
fracture; on the upper branch of the curve the fracture is 
a fibrous, tearing one, on the lower, a shiny, brittle one. 

The brittle type of fracture may occur in actual parts 
despite a high notched-bar figure for the material, tested 
in the conventional fashion. This is a size effect. When 
holes are punched in structural steel angles made from 
unkilled, non-heat-treated steel, a ring around the 
punched hole is hardened by cold work and its surface is 
torn and jagged on a microscopic scale. In a bend test 


13 Wiester, H. J.—“ apeetion and Testing of Steels for Use at Low 
Temperatures”, Stahl & Eisen, Vol. 63, Jan. 21, 1943, Pages 41-47— 


through Bulletin, Iron and Steel Inst., March, 1948, Page 180a. 
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WHAT EVERY MANUFACTURER AND DESIGNER SHOULD KNOW ABOUT 


QED 4 irciiinal plestti 


Mass production of 


Sheets, Rods, Tubes, ps wal 
Molded Forms, _— 
Industries: 


Fabricated Parts. 


Automotive, Aviation, Central station, 
Chemical, Communications, Electrical 
Equipment, Maritime, Paper Mill, 
Petroleum, Radio, Refrigeration, Textile, 
Transportation. 





1 WHAT PANELYTE IS 


PANELYTE is the trade name for a wide range 
of structural, laminated resinous plastics, pro- 
duced in 32 grades, with paper, fabric, wood 
veneer, fibre glass, and asbestos bases. 


2 WHERE PANELYTE IS USED 


In the refrigerator, automotive, electrical and 
chemical industries, PANELYTE has long been 
one of the largest producers of molded and 
fabricated, electrical and structural plastic parts. 
Before the war, PANELYTE was also widely used 
in central station, communications, maritime, 
and paper mill equipment, as well as in the 
petroleum, radio, textile and transportation 
fields. Today the facilities of the greatly enlarged 
PANELYTE plant are enlisted in the war effort, 
serving principally the aviation industry and 
the various branches of the armed forces. 


3 WHY PANELYTE MAY SOLVE YOUR PROBLEM 


Originally thought of as an alternate for critical 
metals, designers and engineers have learned 
through experience that PANELYTE is instead a 
unique material for which there is no substitute. 
In addition to availability, PANELYTE reduces 
costs and assures greater efficiency and longer 
life. 


4 PANELYTE ENGINEERS WILL WORK WITH YOU 


Our engineering staff can quickly tell you 
whether or not PANELYTE is the material best 
suited to your needs. If a laminated structural 
plastic can improve your product, increase your 
production, save you money, simplify assembly, 
or aid the War effort in any way, the services of 
our seasoned engineers are at your immediate 
service. Data Sheets and samples are available. 


* AMERICA’S LARGEST PRE-PEARL HARBOR PRODUCER OF THERMO-SETTING MOLDED LAMINATED PLASTICS 


PANELYTE DIVISION 


ST. REGIS PAPER COMPANY 
230 PARK AVENUE, NEW YORK 17, N. Y. 


Soles Offices: Atlanta, Chicago, Dallas, Denver, Detroit, Houston, Kansas City, Los Angeles, Montreal, New Orleans, St. Louis, St. Paul, San Francisco, Seattle, Toronto, Vancouver 





a 


Experienced and reliable Fabricators in Industrial Centers from coast-to-coast 
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FLEXIBLE SHAFTS 


that: carry power around any corner is 
our specialty. Faithful, dependable power 
drives or remote control in airplanes, 
tanks, signal corps radio, and many other 
war and commercial products. Shafts 
made to your specifications. Our engi- 
neering department will work out your 
particular power problem without obli- 
gation. 


Write today for Manual X 


fie 
one: 
i 


F. W. STEWART MFC. CORP. 


4311-13 RAVENSWOOD AVE. CHICAGO. ILL. 


Los Angeles, Calif. 





West Coast Branch — 41 Venice Bi.d. 














... After Tracings leave your Drafting Boards, Perfect Blueprints 


or Black-and-White Prints are ready for use. No more delays 
waiting for outsiders to make delivery of prints at excessive costs. 












MAKE YOUR OWN 
@ Perfect BLUEPRINTS 


e BLACK-and-WHITE 
PRINTS 


e Authentic PHOTO 
IES 


-ared Ae 
SOnS 








EDUFP PRODUCTION! 
ONLY 3 MINUTES... 


With VICTORAY Your Cost of Blueprints 


will be approximately Ic per square foot 


Check this against your present cost. VICTORAY 
makes professional prints. Can be operated by any 
novice. Printing is done in daylight. 


Printing life of lamps 750 hours 
Renewal cost of set of lamps $1.60 


VICTORAY makes blue- 
prints, black-and-white 
prints, photo copies — and 
© photo print dryer. 
o other unit 
does so much, $19750 
yet costs so lit- NET 
tle to own and F.O.B. 
operate! Factory 


\ Sample Supply of Blueprint 
Paper & Developer Included \ 


am 





FOR DEFENSE and POST-WAR ACTIVITIES 


VICTORAY CORPORATION 


GENERAL OFFICES AND PLANT 


BATTLE CREEK MICHIGAN 
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of the whole angle, fracture may be tough or brittle. Jp 
angles of thicknesses of % to 1 inch, such punched holes 
make ductile steel act brittle at ordinary temperature, 
whereas subpunching and reaming to remove the tom 
surface and the cold-worked layer allows it to act as 4 
tough material. 

Small punched angles, % to 5/16-inch thick, however, 
acted tough, even at —40 degrees Fahr. Punched angles 
%-inch thick may behave either tough or brittle. The 
degree of cold working in punching is, of course, greate 
in the heavy angles, but the data indicate that the re. 
straint upon deformation, imposed by mere size in the 
thick angles, is a major factor in governing whether the 
piece will act brittle or tough. 

In any given state of heat treatment, increasing the car. 
bon decreases the impact figure, and if we demand high 
impact values at very low temperatures, such as that of 
liquid air, we must keep the carbon’ low. If we want 
great strength as well we have to use alloying elements, 
and those that, like nickel, affect the matrix rather than 
the carbide, are most effective. As nickel has a large 
solubility in the matrix, it is the element usually used, and 
in generous amounts. 


Steel Is Sensitive to Finishing 


However, a series of tests on low-carbon, high-nickel 
steels showed them to be sensitive to finishing practice and 
that the high nickel content was not a cure-all. With all 
the steels normalized and tempered, a .04 per cent car- 
bon, 2.12 per cent nickel, and a .04 per cent carbon, 3.07 
per cent nickel steel both gave Charpy values as low as 
8 and 8.5 foot-pounds at 0 degrees Fahr., whereas an .03 
per cent carbon, 2.94 per cent nickel steel that had been 
made with proper deoxidation practice showed a mini- 
mum of 18.5 foot-pounds at —100 degrees Fahr. 

A properly finished heat-treatable steel that hardens 
throughout on quenching, properly quenched and wel 
tempered back to, say, easy machinability, is in general 
well able. to withstand even the lowest atmospheric tem- 
peratures met in aircraft operation, pretty much irrespec- 
tive of its chemical composition. In such steels, proper 
heat treatment may even swamp out the effect of poor 
finishing practice. It is in non-heat-treated, as-rolled, or 
normalized steels that the effect of finishing practice be- 
comes notably paramount. 

Notched-bar impact figures often reflect some precipi 
tation phenomena in steel that are not shown by hard- 
ness or change in tensile strength or ductility. So-called 
“temper brittleness” in some heats of the more highly al- 
loyed steels, notably the nickel-chromium steels, occurs 
when the steel is slow-cooled from the tempering tem- 
perature—the notched-bar impact figures being decidedly 
lower than when pieces, small enough to be rapidly 
cooled at the center by quenching, are quenched from the 
draw temperature. Long sojourn at around 800 degrees 
Fahr. may induce a similar phenomenon. Addition of 
molybdenum is known to be effective in eliminating % 
greatly reducing the tendency toward temper brittleness. 
The cause, and the mechanism by which molybdenum 
serves to counteract it, are not clear. It is clear that the 
behavior is not due to the ordinary chemical composition, 
for some heats of steels of compositions often susceptible 
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Richard M. Bennett examines Army water bag of Saflex- 
coated fabric. Pennsylvania-born, Ohio-nurtured, and 
Horvard-trained, he has been combining private prac- 
tice with teaching at Yale and Vassar, has lately been 
interested in design of mass-distributed, mass-produced 
Grticles from furniture to bath fixtures and fittings. . 


FROM A SAFLEX ARMY WATER BAG 


In worxine ovr his ideas for this work-and- 
space-saving bath unit, Architect Richard M. 
Bennett has taken ingenious advantage of 
several new war-born plastics materials and 
fabricating techniques. 

His flexible baby bath (or washbasin) and its 
piping make use of Monsanto’s Saflex*, the pre- 
war safety glass binder which was transformed 
almost overnight into the most rubber-like of 
modern plastics to fill the need for Army water 
bags and scores of similar items formerly made 
with rubber. 

His vari-textured bath tub would be molded 


~. A COMPACT, ALL-PURPOSE BATH UNIT 


from amazingly strong but light-weight Resinox? 
impregnated’ pulp—a development just barely 
out of the laboratory stage even now. 

His wall sections and most of the folding 
lavatory unit would be equally light, strong 
Resinox-bonded plywood of the types so suc- 
cessfully used in today’s aircraft. 

Finally, the surfaces of his bath tub, walls 
and lavatory unit would incorporate Monsanto's 
newly developed melamine resins so that they 
could be any attractive, opaque color and would 
be hard, durable, resistant alkalis and boiling 
water yet warmly pleasant to touch. 














A curtain 


track 














flexible Saflex 
pipe 








rough, non-slip tex- 
ture molded in tub 

bottom under shower — 
other half smooth 


> 
Coutiet valve 


——— 


flexible Saflex baby 
tub or lavatory 







o> 


olded up, this piece 
overs wall recess 


Q- 













_ 
mirror 


shelves 





cover slides over 
baby tub, reveal- 
ing towel, diaper 
storage space 


a LV sage 


wall panel closed 












Shower head) 
looks like 
one surface 


safety and 
soap recesses 


@ tub fittings, easy 
to reach 
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*The Broad 
and Versatile Family 


of Monsanto Plastics 

(Trade names designate Monsanto’s 

exclusive formulations of these 
ic plastic materials) 


LUSTRON (polystyrene) e SAFLEX 
(vinyl acetal) e NITRON (cellulose 
nitrate) © FIBESTOS (cellulose ace- 
tate) eOPALON (cast phenolic resin) 
RESINOX (phenolic compounds) 


Sheets © Rods e Tubes e Molding 
Compounds e Castings e Vuepak Rigid 
Transparent Packaging Materials 
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MONSANTO. 
- PLASTICS 


SERVING INDUSTRY...WHICH SERVES MinKind: 












WRITE FOR FACTS ON PLASTICS 


As a designer or as a sales or production executive, you may 
or may not be interested in the postwar bathroom. Whatever 
your businesc interests, however, you wi// want to know 
something about postwar plastics and their possible contri- 
butions to your products. That’s why we suggest that you 
write today for the 24-page guide to Monsanto Plastics, 
probably the widest, most versatile group of plastics offered 
by any one manufacturer. Included are charts, graphs, data 
and many photographs to help you paint your own picture 
of the shape of things to come in your own particular line. 
MONSANTO CHEMICAL COMPANY, Plastics Division, 
Springfield, Massachusetts. 
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DESIGNED for INDUSTRIAL APPLICATIONS 


@ COMPLETE STANDARD LINE AVAILABLE 
@ SYSTEMS FOR SPECIAL REQUIREMENTS 





sequence and duration of 1 to 
1000 consecutive and overlap- 
ping machine or process functions 


SYNTHETIC RUBBER 
PROCESS TIME CONTROL 
.. one of largest built! 
Synchronous rs drive 
twin shafts, each with 41 
cams and mercury switches 
to control operations. Cam 
md may be adjusted in 

eps from 6 to 18 min. 
Color coded flow chart, indi- 
cator lights, common term- 
inal board, enclosed cabinet, 
internal lighting and lock- 
handle doors are features. 


SEND FOR “TC” 
DATA SHEETS 









AUTOMATIC TEMPERATURE 


CONTROL COMPANY, INC. 
34 E. LOGAN STREET, PHILA. 44, PA. 

















No matter how large or small 
the product may be, Littleford 
can fabricate it to specifica- 
tions. Skilled workmen and 63 
years experience fabricating 
plate and sheet steel are your 
assurance of quality products. 
Send blueprints for estimate 
and delivery 
date, 


BUY 
MORE BONDS 




















LITTLEFORD BROS., INC. 
424 E. Pearl St., Cincinnati, Ohio 
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to it are immune entirely without the addition of molyb. 
denum. 

Thus the results of the conventional impact test may 
steer the thought of the metallurgist into productive chap. 
nels. For the designer, however, impact test figures hay, 
little meaning. 


Quality in Steel 


It comes out all through the discussion, so far, that com. 
position of ordinary steel and ordinary alloy steels is only 
a means to an end, not an end in itself, and that there ap 
often greater variations from heat to heat than from cop. 
position. 

So-called “aircraft quality” steel is often specified fy 
exacting uses. What the designer really means by this 
vague term is, in effect, that the endurance limit, th 
notched-endurance limit and the damage behavior of m 
part shall fall below his expectation. This implies that 
no location in any ingot shall contain any imperfection of 
moment. 

The general behavior of the heat, as a whole, can be 
appraised by notched fatigue tests, but a few fatigu 
specimens do not sample the whole heat well enough t 
disclose possible local imperfections. These could con 
sist of chemical segregation, unremoved ingot pipe a 
butt imperfections, shatter cracks, flakes or large no 
metallic inclusions. To prevent the existence of such im 
perfections in the steel delivered, those parts of the ingot 
most prone to them are removed. 

Inclusions in steel, especially if they are hard and 
sharp-ended, and if the applied stress in service is &t 
right angles to the sharp ends, are admittedly detrimental 
to fatigue resistance, if they happen to come at the su- 
face of the finished part. If they are well beneath the 
surface, they will probably have no effect. Even at the 
surface they seldom have any more effect than have the 
irregularities on the surface of a ground part but, ona 
part polished to give maximum resistance to repeated 
stress, large inclusions are undesirable. 


Effects of Phosphorus and Sulphur 


Steel specifications commonly include maximum figures 
for phosphorus and sulphur, not because the user cares 
about these elements but because, in hard steels, whether 
made hard by high carbon in non-heat-treated steels, o 
by quenching, the combination of high carbon plus to 
high phosphorus leads to brittleness at room temper 
ture, a type of brittleness revealed either by tensile, duc 
tility or by notched-impact tests. 

When the carbon content is low, phosphorus even i 
double the amount ordinarily permitted does not em 
brittle and is a useful strengthening element. Neverthe- 
less, the fear of phosphorus caused specifications for low- 
carbon steels to contain quite illogical low limits for 
phosphorus, until the advent of the mild alloy steels @ 
which phosphorus was recognized “as a tonic rather than 
a poison”—as it has been phrased. 

Sulphur in excessive amounts does not produce cold 
shortness but does lead to hot shortness, hence it is avoid- 
ed from the standpoint of reducing trouble in the mill and 
foundry. From the user’s point of view, sulphur pr 
duces inclusions and it is to avoid these inclusions #% 
much as is feasible that sulphur limits are set. However, 
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PRECISION 
MACHINES 


NEED 
0 


















PRECISION 
CONTROL 












The Compensated Overload Relay 
consists of two bi-metal thermally 
activated helices. They are so posi- 
tioned that, when activated by sur- 
rounding temperature changes, they 
oppose and nullify each other... 
the resulting motion transmitted to 
the tripping contact is thus zero. 

However, only ONE of these helices 
is surrounded by a “heater coil,’ 
through which flows motor arma- 
ture current. When motor current 
becomes excessive due to overload, 
@ proportional temperature rise oc- 
curs in the heater coil. This tem- 
perature rise, impressed upon the 
ONE bi-metal helix produces mo- 
tion in that helix, which motion 
is transmitted to the tripping 

contact, opening it and dis- 
connecting the motor 
from the line. 

















onitor 
THERMALOAD V 


SOLENOID TYPE MOTOR STARTER 


WITH lmpendidled OVERLOAD RELAY 


* 
























OVERLOAD ALONE CAUSES THE TRIP... 
SURROUNDING TEMPERATURE MAKES NO DIFFERENCE! 


The motor that drives your production machine deserves 
the best possible protection you can give it. That’s why you 
will find a steadily-increasing preference for the MONITOR 
THERMALOAD V .. . designers and electrical engineers 
are learning that they can prolong the life of their motors, 
reduce maintenance costs and avoid unjustified shutdowns 
by specifying the starter that is designed for today’s . . 


and tomorrow’s . . . requirements. 






TRIPPING TIME 









300 400 
9HEATER RATING 














The Monitor Thermaload V Motor Starter is available for 
motor ratings up to 7.5 H.P., 110-550 Volts A.C. Furnished 
also in combination units and with mounting suitable for 


front-of-board or back-of-board wiring. 


Write for descriptive booklet that gives the complete 
story of the Monitor Thermaload V... tells ALL its 
features and the parts they play in PERFORMANCE, 
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\ A Small Part 
. on which 

p the SAFETY 
~~ of all Hinges.. 


T= Vought Corsair, the Navy’s newest shipboard 
fighter and the fastest plane of its type in the world, 
is Powered with a Pratt & Whitney Aircraft 2,000 horse- 






power Double Wasp engine. It is built with folding 
wings which operate efficiently and positively on wing 
hinges designed to withstand tremendous stress. These 
hinges are Fenn made to the rigid specifications of 
Chance Vought. On them safety depends. 


FENN FOR SPECIAL MACHINERY 


Years of experience in the design and building of Special 
Machinery has given the Fenn organization a skill and 
know-how that may prove helpful to you in the days 
which lie ahead. We have the plants and facilities for 
handling almost any size and kind of special machinery 


‘job and we welcome inquiries from those who are look- 


ing for a dependable source. 


PLANNING NOW FOR 1944 PRODUCTION 


When the time comes for reconversion to peace 
time production, Fenn engineers, toolmakers and 
machinists will be ready to serve you. It is not too 
early to think of planning now. 


' THE FENN MANUFACTURING CO. 


HARTFORD, CONNECTICUT 
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sulphide inclusions aid machinability. 

A vast improvement in gear life has been obtained by 
a move that, to the average engineer or metallurgist 
sounds like a depreciation in quality; that is, by raising 
the’sulphur content a bit above that allowed by the usual] 
specifications for steel for heat treatment. The highe 
sulphur makes the steel machine cleanly without rapidly 
dulling the tools and making them produce tiny tears op 
the gear tooth surface. The better surface on the gears 
makes their life go up by leaps and bounds. The mechani. 
cal properties of the steel are doubtless very slightly 
lowered. 

The engineer has little legitimate interest in chemical 
composition in relation to the properties of stéels and al. 
loys for bodily strength; the more rigidly he specifies 
composition, the more he hampers the metallurgist. 

When it is surface behavior such as corrosion; and to 
some extent wear, rather than bodily strength that js 
vital, chemical composition may more justly be specified, 
because chemical reactivity is directly concerned, and 
chemical reactivity is affected by chemical composition. 
Even here it is resistance to corrosion or wear that we 
seek, and it is only because of difficulties in making quick 
and reliable tests for corrosion and wear that resort is 
had to the subterfuge of trying to get some approach to 
an evaluation of these indirectly through chemical com. 
position, rather than by direct tests. 

In applying the tests to alloy steels for heat treatment, 
it is found that hardenability, ductility, endurance, room- 
temperature notched-bar impact, and low-temperature 
notched-bar impact tests, all often reveal scatter among 
individual heats, of an order of magnitude quite as great 
as among the different steels that have been considered 
entities on the basis of chemical composition. 

When such differences have engineering import, it is 
not enough to make a series of tests on a prototype steel 
of a given composition, and rest on the blind faith that all 
subsequent heats will return the same test results. 


Each Heat Should Be Tested 


Prototype tests, as made on single heats during the de- 
velopment of the N. E. steels, serve to wipe away fears 
arising from earlier classification of alloy steels by com- 
position rather than by hardenability. The simulated 
service tests on replacing S.A.E. by N.E. steels give still 
further assurance that, with proper control in the steel 
mill, replacement of one steel by another of equal hard- 
enability is practical, but they do not assure that control 
will necessarily have been exercised on a given heat to 
be delivered in the future, whether it be of S.A.E., N.E, 
or some other composition. For this assurance, the heat 
needs testing, either by the steel mill or the user. 

The tests to be applied depend on what engineering 
use is to be made of the steel, e.g., if successful service 
in an entine depends on its fatigue resistance, a notched- 
fatigue test would give usable information, while data 
from a low-temperature notched-impact test would have 
no pertinence. Some more or less standard tests do serve 
to indicate quality and uniformity of the material as such, 
irrespective of the service to which the steel is to be put. 
But the interpretation of the tests, for example what de- 
gree of cleanliness needs to be demanded, depends 0” 
the true requirements of the service. 
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sition, 

lat we 

be Hydraulic power at 3000 lb. pressure—power that is 
ach to smooth and chatter free—power obtained by means of a 4-hp. 
foe motor—that is what you will get from the new Hi-Po 
ment, supercharged pump. 

nol It is adaptable to the efficient operation of machine tools, arbor 
great presses, hydraulic cylinders for many types of equipment 
dered and for many purposes, such as in the plastic arts, 


it is die casting, etc. 


l 
room- | 
l 
steel | 
ata | | This new Hi-Po pump is designed for highest efficiency. It 
consists of a low-pressure section which supercharges 

a high pressure section. It is compact, yet all parts are easily 
accessible. Every material, and every part, used in 


fears this pump is selected to give long unfailing service. 





“et Anker-Holth engineers are ready to help with your hydraulic 
tel | | and pneumatic problems—and with no obligation to you. 


.E., 9 OF vee Mee: ‘’Airgrip’’ Holding Devices will in- 
heat >> age a crease the output of your machines 
more than 25%—and at the same 


ring iF ‘ . i 
‘Seen " time greatly reduce operator fatigue. ~': 


lata 
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a Anker-Holth Mfg. Co Oe eae ee, EE 
on ee oe 
332 S. Michigan Ave. Chicago 4, III. 
144 
215 


Macuine Desicn—January, 1944 








4 
a 

H 
al 
if 

‘ 








BUSINESS AND 
SALES BRIEFS 


DDITION of William Hyndman III to the engineering 

sales staff of Atlas Tool & Designing Co. and Atlas 
Metal Stamping Co. of Philadelphia has been announced. Mr. 
Hyndman has been a representative of the Coplay Cement 
Mfg. Co., Philadelphia, for the past seven years. 


e 


The newly opened Chicago district office of General Radio 
Corp. at 920 South Michigan avenue, will be under the man- 
agement of Lucius E. Packard, formerly in charge of the New 
York office. Mr. Packard will be available as consultant on 
design, use and procurement of the company’s equipment. 


* 


According to a recent announcement, French & Hecht, 
Inc., Davenport, Ia., will become a subsidiary of Kelsey- 
Hayes Wheel Co., Detroit. No change in personnel of French 
& Hecht, Inc., will be made. 


¢ 


Fairbanks, Morse & Co., Chicago, has made several changes 
in its sales personnel. These are: O. O. Lewis has been pro- 
moted from branch manager of the company’s Atlanta office 
to assistant general sales manager at the Chicago office. V. O. 
Harkness, formerly manager of the branch at Dallas, has been 
made manager of the diesel engine sales division, Chicago. 

















Formerly manager of the oil field division at Dallas, H, J. 
Renken has been appointed branch house manager of the 
Dallas branch where he will also continue as manager of the 
oil field division. Replacing the late Stanley Eaton, J. S. Petersop 
has been adwanced to the position of branch manager at Cip. 
cinnati. G. N. Van Epps has been transferred to the com 
pany’s branch at Atlanta as manager. Prior to this appoint 
ment he had been manager of the diesel department, Chicago, 


+ 


Formerly with General Electric Co., Henry M. Richardsop 
has resigned to enter private practice as a consulting engineg 
in the plastics field. With headquarters in Pittsfield, Mass, 
he will be connected with John M. DeBell, plastics consultant, 


Longmeadow, Mass. 
¢ 


Recent appointment of Stuart H. Betsinger as sales manager 
has been announced by Kinney Aluminum Co., Los Angeles. 
Mr. Betsinger was previously sales engineer for over a year, 
In his new post he will direct the sales of permanent-mold 
aluminum and magnesium castings, as well as the company’s 


new pressure-type castings. 
a 


Howard F. Johnson of the wire and cable department of 
United States Rubber Co., New York, has been assigned to 
a new post as manager of branch sales with offices at 1290 
Sixth avenue, New York. Previously he was western dis- 


trict sales manager. 
* 


Moving to a new plant in Long Island City has increased 
the production and experimental work facilities of Powder 


Metallurgy Corp., subsidiary of General Bronze Corp. R. P 
Seelig is chief engineer and metallurgist, and R. Hradecky is 


Come on Out! 


The shadow of the “8” ball can be an un- 
pleasant spot—particularly when it has to 
do with post-war planning. Many are puzzled 
about how they will convert to peace. What 
product shall be manufactured—the previous 
one or will it be necessary to fare forth into 
uncharted fields? One thing is certain—and 
this is where we can help—there is hardly a 
product necessary for human existence that 
does not require springs and / or 
screw machine products. If these are 
chosen with care and engineered into 
the product, the rest is routine and 
the “8” ball disappears! 


Busy as we are, we'll be glad to plan 
with you now in establishing a post- 
war program. 


SPRINGS 








and SCREW MACHINE PRODUCTS 


10 Wells St., Plainville, Conn., U.S.A 


PECK 
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The Peck Spring Company 











WASHERS 


THE WASHER THAT HAS THE EDGE 


Listed on Government Ordnance Standard Prints BEAX 1-2-3-4-7-8 
Shown on AN936 (Army-Navy Aeronautical Standard) 


O00 9 


PROMPT DELIVERY ON MANY SIZES 
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CE 


Above is a “close-up” of a released 
EverLOCK Washer showing exactly 
what happens when a half turn—or less 
—brings its powerful spring tension 


‘and multiple wide chisel edges into 


positive locking action. 

The full width of each of the twenty 
teeth has left indisputable evidence on 
both work and nut of having been firm- 
ly anchored against vibration, strain, 
expansion or contraction. This power- 
ful flexing action on many wide chisel 
edges .. . multiplying the area of re- 
sistance... is found only in EverLOCK 
Washers. Combined with this double 
indemnity insurance against loosened 
bolts, nuts and screws are important 
savings in assembly time . . . distinctive 
safeguards against stretching of bolts 
and screws, and the distortion of 
threaded parts. 

Wire, phone or mail your orders 
today. 





ns 
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general manager of the Powder Metallurgy Corp. Mr. Hrad- general manager of Greene, Tweed & Co., O. W. Trumbull 


ecky was formerly connected with the parent company. will act in his same capacity with the affiliated company. 
r 


o 


R ; ; Oliver Smalley of Meehanite Metal Corp., New Rochelle 
The Dow Chemical Co., Midland, Mich., has named Arthur N. Y., was recently elected president of the Meehanite Re. 


Smith Jr. head of magnesium sales for the southwest area with sins tedhiniee: ah fentiliek ob'te dened adios ti 
headquarters at Second and Madison streets, St. Louis. Mr. ; 7 
Smith will cover the territories of Wichita, Kansas City, 


Tulsa, Dallas, Oklahoma City and Fort Worth. Location of American Screw Co. offices has been changed 


from the General Motors building to Room 502, Stephenson 


° building, Detroit. 
Appointment of A. G. Fournier as sales and service en- ° 
gineer in California, Arizona and Nevada has been made by Recent appointment of Dr. William C. Theisinger as as 
Pioneer Pump & Mfg. Co., Detroit. His office is localed at sistant to the vice president has been announced by Luken; 
2444 East Twenty-fourth street, Los Angeles 11. Steel Co., Coatesville, Pa. 
e 
. 
Ross Heater & Mfg. Co., Inc. has recently opened a Sap 
It is with deep regret that MACHINE DESIGN announces the Francisco branch office at Central Tower, 703 Market street. 
death in action of Lieut. Larry N. Succop. Prior to enlisting Richard N. Mathews has been transferred from the Chicago 
in March 1941, Lieut. Succop had traveled throughout the office as manager. 
Southwest as sales representative of American Roller Bear- . 
ing Co., of which his father, Clarence F. Succop, is president. Having resigned as president of Darwin & Milner, Inc, 
pe Victor F. J. Tlach has become connected with American Agile 
Corp., Cleveland. 
Recently The Manhattan Rubber Mfg. division of Ray- ‘ 
bestos-Manhattan, Inc., Passaic, N. J., observed its golden 


' ‘ 4 Several recent additions to the sales organizations have 
anniversary and appropriately enough received the Army-Navy been made by Wheelco Instruments Co., Chicago, The Coch- 
“E” for excellence in production. The company has operated . / 


rane Steam Specialty Co., Boston, has been appointed to 
without loss of a working day since its inception fifty years ° y = ‘ 


act with the present representative, George W. Hall, in cov- 


ago. . ering Massachusetts, Rhode Island, Maine, New Hampshire, 
Vermont and part of Connecticut east of the Connecticut 

Purchase of Asbestos Fibre Spinning Co., North Wales, Pa., river. C. L. Clark has been transferred from the Cleveland 
has been announced by Greene, Tweed & Co., New York. office to be in charge of a Western New York office in Buffalo, 
Plans for enlarging facilities and expanding operations of With headquarters in Cincinnati, Charles D. Mount has been 
both companies are being made. The vice president and appointed sales representative for southern Ohio and northem 












Where heat removal from oil, water or other 
liquids requires a small, lightweight, compact unit - 


Youll wan to benow abevit- 


BLE COOLERS 


FOR THESE DIVERSIFIED FUNCTIONS 









LUBRICATING OIL CUTTING OIL JACKET WATER 
Alseratt Engine Text Stends HYDRAULIC COUPLING OIL ees eae Tort Dank 
Engines (Diesel and Gas) Compressors 
on. QUENCHING OIL Engines (Diesel and Gas) 
Machine Tools TRANSFORMER OIL SMALL VAPOR CONDENSERS 
f . ‘ CONDENSATE COOLERS 
Be: 
a arings HYDRAULIC PRESSES DRAIN COOLERS 
ie PLASTIC INJECTION WATER HEATING 
ee OIL PUMP SYSTEMS MOLDING MACHINES WATER COOLING 





ROSS HEATER & MFG., CO., Inc. / _ a / 


Division of Amertcan RapiaTor & Stauvdard Sanitary corporation / rYPe-» 
1429 West Ave. Buffalo 13, N. Y, / ocbay 






COMPLETE DETAILS 
IN FOLDER 4922 
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DESIGN THE DANGER FROM VIBRATION OUT 


Because of their ability to withstand high pressures, high 
temperatures, and rough handling, Barco Flexjble Joints have 





proved to be the most economical and satisfactory flexible 
fluid conveyors obtainable. In the transmission of steam, air, 
oil, water, chemicals, and other fluids and gases, Barco Flex- 
ible Joints provide the movement required in the operation 
of the machine and absorb vibration and movement which 
often are the causes of leakage and breakdowns. Specify 
Barco Flexible Joints on your new machines, and replace 
worn conveyors with new, modern, Barco’s. Write to: Barco 
Manufacturing Company, Not Inc., 1806 Winnemac Ave., 
Chicago 40, Illinois. 


BARCO 


FLEXIBLE JOINTS 
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HUNTER 
Elecha-Copyist 


oM fal 
Rescue... 





Understaffed 
Drafting 
_ Rooms 


@ Hunter Electro-Copyist speeds up operations in 
the drafting room from the moment the first “rough” 
is finished. For example, if several persons must pass 
on the preliminary pencil sketch, copies can be made 
directly from it in a few minutes, and all can study it 
simultaneously. Alterations can be made, and new 
copies struck without changing the original, simply 
by blocking out the desired portion and drawing the 
changes on the reproduction. 


@ Nor is it necessary to make ink tracings. Again 
in a few minutes, the Hunter Electro-Copyist turns out 
a machine-made tracing that is sharper than the pencil 
original. It requires no tedious checking and is both 
error-proof and smudge-proof. 


@ When it comes to final copies, the Hunter Electro- 
Copyist can turn them out as fast as you want, as many 
as you want, with every line and every shade gradation 
exactly duplicated, on your choice of three weights of 
paper, on vellum or on tracing cloth. 


@ There is a wide range of models, from letter size 
to the 48” x 168” big boys specially developed for 
the aviation industry. Ask for a demonstration and 
analysis of your repro- 
duction work. No 
obligation. If you pre- 
fer, seid for descriptive 
booklet, which is vir- 
tually a treatise on 
photo-copying applied 
to industrial needs. 


ASK 
FOR IT... 
arena ene 0 


HUNTER 
Electro-Copyist, Inc. 








431 S. WARREN ST. . SYRACUSE, N. Y. 














Kentucky. H. E. Holling has been named northwestem 
Illinois representative at Peoria. The Lang Co., Salt Lake 
City, has been chosen sales and service representative for 
the Utah, Idaho, Wyoming and Nevada areas. 

. 


Opening of a new office at 523 West Sixth street, Los An 
geles, has been announced by Crocker-Wheeler Electric divi- 
sion of Joshua Hendy Iron Works. R. D. Ulrey, formerly 
with U. S. Electrical Motors, has been named manager and 
will cover southern California, Arizona and New Mexico. 

> 


William Campbell has become affiliated with the Chicago 
district sales office of Inland Steel Co., Chicago, and will 
handle a part of the Iowa territory. 

+ 

The position of new products sales manager for Naugatuck 
Chemical Division of United States Rubber Co. has been 
given to Harold I. Beadle. 

¢ 


Naming of E. K. Pryor as representative in the Michigan 
area has been announced by Chas. Taylor Sons Co. Mr, 
Pryor, formerly in the Cincinnati office, will be located in 
Detroit. 

° 


Two new offices have just been opened by Dow Chemical 
Co. Heading the Philadelphia office at 1400 South Pem 
Square is Alexander Leith, Jr. who has been with the New 
York office since 1923. Alfred A. Lawrence has been named 
manager of the New England sales office at 20 Providence 
street, Boston, 

2 


Promotion of W. C. Palmer, former assistant branch man- 
ager at Cleveland, to manager of sales of round, flat wire 
and specialties division, Trenton, N. J., has been announced 
by John A. Roebling’s Sons Co. Succeeding Mr. Palmer at 
the Cleveland branch is G. K. Hayes. 





MEETINGS AND 
EXPOSITIONS 


Jan. 10-14— 

Society of Automotive Engineers. Annual meeting and e.gineering 
display to be held at Book-Cadillac hotel, Detroit. John A. C. Warner, 
29 West Thirty-ninth street, New York, is secretary. 


Jan. 24-28— 

American Institute of Electrical Engineers. Winter technical meeting 
to be held in New York. Additional information may be obtained from 
headquarters at 88 West Thirty-ninth street, New York. H. H. Henline 
is national secretary. 


Jan. 31, Feb. 1-2— 

American Society of Heating and Ventilating Kngineers. Fiftieth a 
niversary meeting to be held at Hotel Pennsylvania, New York. A. V: 
Hutchinson, 51 Madison avenue, New York 10, is secretary. 


Feb. 20-24— 

American Institute of Mining and Metallurgical Engineers. Annual 
meeting to be held at Waldorf-Astoria hotel, New York. Frank T. Sisco, 
29 West Thirty-ninth street, New York 18, is secretary of the metals 
division. ; 

Feb. 21-22— 

Society of the Plastics Industry. Pacific Coast Section conterence 
be held at Ambassador hotel, Los Angeles. James D. McDonald, 544 
East Thirty-first street, Los Angeles 11, is chairman of the Pacific 
Coast Section. 
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